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ADJUSTABLE EXPANSION CONE ASSEMBLY 
Cross Reference To Related Applications 

This application claims the benefit of the filing date of U.S. provisional patent 
application serial no. 60/318,021, attorney docket no. 25791.58. filed on 9/7/2001, the 

5 disclosure of which is incorporated herein by reference. 

This application is related to the following: (1) U.S. patent application serial no. 
09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent 
application serial no. 09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000. 
(3) U.S. patent application serial no. 09/502,350. attorney docket no. 25791.8.02, filed 

10 on 2/10/2000. (4) U.S. patent application serial no. 09/440,338. attorney docket no. 
25791.9.02, filed on 11/15/1999. (5) U.S. patent applicatton serial no. 09/523.460. 
attorney docket no. 25791.11.02. filed on 3/10/2000, (6) U.S. patent application serial 
no. 09/512,895. attorney docket no. 25791.12.02. filed on 2/24/2000, (7) U.S. patent 
application serial no. 09/511,941, attorney docket no. 25791.16.02. filed on 2/24/2000, 

15 (8) U.S. patent application serial no. 09/588.946, attorney docket no. 25791.17.02. filed 
on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, attorney docket no. 
25791 .23.02, filed on 4^2000, (10) PCT patent application serial no. 
PCTAJSOO/18635. attorney docket no. 25791.25.02, filed on 7/9/2000, (1 1) U.S. 
provistonal patent application serial no. 60/162,671, attorney docket no. 25791.27, filed 

20 on 11/1/1999,(12) U.S. provisional patent application serial no. 60/154,047, attorney 
docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent applicatton serial 
no. 60/159,082, attorney docket no. 25791 .34, filed on 10/12/1999, (14) U.S. 
provisional patent application serial no. 60/159,039, attorney docket no. 25791.36, filed 
on 10/12/1999. (15) U.S. provisional patent applicatton serial no. 60/159,033, attorney 

25 docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent applicatton serial 
no. 60/212.359. attorney dodcet no. 25791.38, filed on 6/19/2000. (17) U.S. provisional 
patent application serial no. 60/165.228. attorney docket no. 25791 .39. filed on 
11/12/1999. (18) U.S. provistonal patent application serial no. 60/221,443. attorney 
docket no. 25791.45. filed on 7/28/2000. (19) U.S. provistonal patent application serial 

30 no. 60/221 ,645. atton^y docket no. 25791 .46. filed on 7/28/2000. (20) U.S. provisional 
patent applkatton serial rK>. 60/233,638, attorney docket no. 25791 .47. filed on 
9/18/2000, (21) U.S. provisional patent application serial no. 60/237,334. attorney 
docket no. 25791.48, filed on 10/2/2000, (22) U.S. provisional patent applicatton serial 
no. 60/270.007, attorney docket no. 25791 .50, filed on 2/20/2001 ; and (23) U.S. 

35 provisk>nal patent applicatton serial no. 60/262,434, attorney docket no. 25791 .51 , filed 
on 1/17/2001, the disctosures of which are incorporated herein by reference. 



2 



Background of the Invention 

This invention relates generally to wellbore casings, and in particular to welltx)re 
casings that are fonned using expandable tubing. 

Conventionally^ when a wellbore is created, a number of casings are installed in 

5 the borehole to prevent collapse of the borehole wall and to prevent undesired outflow 
of drilling fluid into the formation or inflow of fluid from the fbmiation into the borehole. 
The borehole is driDed in inten^ls whereby a casing which is to be installed in a lower 
borehole Interval is lowered through a previously installed casing of an upper borehole 
interval. As a consequence of this procedure the casing of the lower interval is of 

10 smaller diameter than the casing of the upper intenfal. Thus, the casings are in a 

nested arrangement with casing diameters decreasing in downward direction. Cement 
annul! are provided between the outer surfaces of the casings and the borehole wall to 
seal the casings from the boretole wall. As a consequence of this nested anangement 
a relatively large borehole diameter is required at the upper part of the wellbtore. Such 

15 a large borehole diameter involves increased costs due to heavy casing handling 
equipment, large djUl bits and increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time is involved due to required cement pumping, 
cement hardening, required equipment changes due to large variations in hole 
diameters drilled in the course of the well, and the large volume of cuttings drilled and 

20 removed. 

The present invention is directed to overcoming one or more of the limitations of 
the existing procedures for forming new sections of casing in a wellbore. 

Summary of the Invention 
According to one aspect of the present invention, an apparatus for radially 

25 expanding a tubular member is provided that includes a tubular support member that 
includes a first tubular support body defining a longitudinal passage, a first lug coupled 
to and extending from the first tubular support body in the radial direction, a second lug 
coupled to and extending from the first tubular support body in the radial direction, and 
an expansion cone support body coupled to the first tubular support body. The 

30 expan^n cone support body includes an N-sided tapered tubular support member, 
wherein each side of the multl-slded tapered tubular support member defines a T- 
shaped slot N expansion cone segments are movabiy coupled to the expansion cone 
support body, each including an expansion cone segment body including arcuate 
conical outer surfaces, a first T-shaped retaining member coupled to the expansion 

35 cone segment body for movabiy coupling the expansion cone segment body to a 
corresponding one of the T-shaped slots of the expansion cone support body, and a 
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secorKJ T-shaped retaining member coupled to the expansion cone segment body. A 
split ring collar assembly is nriovably coupled to the exterior of the tubular support 
member that includes a second tubular support body defining N T-shaped slots for 
movably receiving con^sporKling ones of the second T*shaped retaining members of 
5 the expansion cone segments, and an L-shaped retaining nnember coupled to the 
second tubular support body. A first drag block assembly is movably coupled to the 
tubular support member that includes a first drag block body defining a slot for 
receiving and mating with the L-shaped retaining member of the split ring collar, and a 
first J-shaped slot for receiving the first lug, and one or more first drag blocks coupled 

10 to the first drag block body. A second drag block asseml:riy is movably coupled to the 
tubular support memt>er that includes a second drag block body defining a second J- 
shaped slot for rec^ng the second lug, and one or more second drag blocks coupled 
to the second drag btock body. First and second packer cups are coupled to the 
tubular support member between the first and second drag block assemblies. 

1 5 According to another aspect of the present invention, an apparatus for radially 

expanding a tubular member is provided that includes a tubular support member that 
includes a first tubular support body defining a tongltudinal passage, a first flange 
coupled to the first tubular support body, a second flange coupled to the first tubular 
support body, a first tapered flange coupled to the first tubular support body, a second 

20 tapered flange coupled to the first tubular support body, and an expanston cone 
support body coupled to the first tubular support body. The expansion cone support 
body includes an N-slded tapered tubular support member, wherein each side of the 
multi-sided tapered tubular support member defines a T-shaped slot. N expansion 
cone segments are movably coupled to the expansion cone support body, each 

25 including an expanston cone segment body including arcuate conical outer surfaces, a 
first T-shaped retaining member coupled to the e)^ansk>n cone segment body for 
movably coupling the expanston cone segment body to a corresponding one of the T- 
shaped slots of the expanston cone support body, and a second T-shaped retaining 
mend)er coupled to the expansion cone segment body. A split ring collar is movat)ly 

30 cou|ried to the extertor of the tubular support member that includes a second tubular 
support body that defines N T^haped slots for movably receiving corresponding ones 
of the second T-shaped retaining members of the expansion cone segments, and an L- 
shaped retaining member coupled to the second tubular support body. A first collet 
assOT^Iy is movably coupled to the tubular support member that includes a first tubular 

35 sleeve that defines a slot for receiving and mating with the L-shaped retaining member 
of the split ring collar, a first countertxxe for receiving the first flange, and a first radial 
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passage, a first spring received within the first counterfoore. a first retaining ring 
received within the first oountert)ore. a first load transfer pin coupled to the first 
retaining ring and extending through the first radial passage, a second tubular sleeve 
coupled to the first load transfer pin, a first resilient collet coupled to the second tubular 

5 sleeve and petitioned above the first tapered flange, and a third tubular sleeve coupled 
to the first resilient collet. A second collet assembly is movably coupled to the tubular 
support member that includes a fourth tubular sleeve that defines a second 
counterbore for receiving the second flange, and a second radial passage, a second 
spring received within the second counterbore, a second retaining ring received within 

10 the second counterbore. a second load transfer pin coupled to the second retaining 
ring and extending through the second radial passage, a fifth tubular sleeve coupled to 
the second load trarafer pin, a second resilient collet coupled to the fifth tubular sleeve 
and positioned above the second tapered flange, and a sixth tubular slmve coupled to 
ttie second resilient collet. First and second packer.cups coupled to the tubular support 

1 5 member between the first and second collet assemblies. 

According to another aspect of the present invention, an apparatus for radially 
expanding a tubular member is provided that includes a tubular support member that 
includes a first tubular support body defining a longitudinal passage, a first radial 
passage defined in the first tubular support body fluldiciy coupled to the longitudinal 

20 passage, a first flange coupled to the first tubular support body, a second flange 
coupled to the first tubular support body, a first tapered flange coupled to the first 
tubular support body, a second tapered flange coupled to the first tubular support body, 
and an expanston cone support body coupled to the first tubular support body. The 
expansion cone support body includes an N-sided tapered tubular support member, 

25 wherein each side of the multi-sided tapered tubular support member defines a T- 
shaped slot N expansion cone segments are movably coupled to the expansion cone 
support body, each including an expansion cor^e segment body including arcuate 
conical outer surfaces, a first T-shaped retaining memb^ coupled to the expansion 
cone segment body for movably coupling the expansion cone segment body to a 

3D corresponding one of the T-shaped slots of the exparaton cone support body, and a 
second T-shaped retaining member couple to the expansion cone segment body. A 
spn ring collar is movably coupled to the exterior of the tubular support member that 
includes a second tubular support body that defines N T-shaped stots for movably 
receiving conBsponding ones of the second T-shaped retaining members of the 

35 expansion cone segments, and an L-shaped retaining m^ber coupled to the second 
tubular support body. A first dog assembly is movably coupled to the tubular support 
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member that includes a first tubular sleeve that defines a slot for receiving and mating 
with the L-shaped retaining member of the split ring collar, a first countert)ore for 
receiving the first flange, and a second radial passage, a first spring received within the 
first countert)ore, a first retaining ring received within the first countertx)re, a first load 
5 transfer pin coupled to the first retaining ring and extending through the second radial 
passage, and a second tubular sleeve coupled to the first load transfer pin that defines 
a second countertoore for receiving the first tubular sleeve, a first resiGent dog coupled 
to the second tubular sleeve and positioned adjacent to the first tapered flange. A 
second dog assembly is movably coupled to the tubular support member that includes 

1 0 a third tubular sleeve that defines a second oounterbore for receiving the second 
fiange, a third radial passage, and a fourth radial passage fiuididy coupled to the first 
radial passage, a second spring received within the seomd counteribore. a second 
retaining ring received within the secorKi countert>ore, a second load transfer pin 
coupled to the second retaining ring and extending through the thini radial p^sage, a 

15 fourth tubular sleeve coupled to the second load transfer pin, and a second resilient 
dog coupled to the fourth tubular sleeve and poslUoned adjacent to the second tapered 
flange. First and second packer cups are couple to the tubular support member 
between the first and second dog assemblies. 

According to another aspect of the present invention, an apparatus for radially 

20 expanding a tubular member is provided that includes a tubular support memt>er that 
includes a first tubular support body defining a longitudinal passage including a throat 
passage, a first radial passage defined in the first tubular support body fiuididy coupled 
to the longitudinal passage, a first flange coupled to the first tubular support body, a 
secc^d flange coupled to the first tubular support body that defines a second radial 

25 passage defined in the second flange fluidicty coupled to the longitudinal passage, a 
tapered fiange coupled to the first tubular support body, and an expansion cone 
support body coupled to the first tubular support body. The expansbn cone support 
body includes an N-sided tapered tubular support member, wherein each side of the 
multi-sided tapered tubular support member defines a T-shaped stoL N expansbn 

30 cone segments are movably coupled to the expanston cone support body, each 

including an expansion cone segnnent body including arcuate conical outer surfaces, a 
first T-shaped retaining member coupled to the expansion cone segment body for 
movably coupling the expansion cone segment body to a corresponding one of the T- 
shaped slots of the expansion cone support body, and a second T-shaped retaining 

35 member coupled to the expansion cone segment body. A split ring collar is movably 
coupled to the exterior of the tubular support member that includes a second tubular 



6 



support body that defines N T-shaped slots for movably receiving corresponding ones 
of the second T-shaped retaining members of the expansion cone segments, and an L- 
shaped retaining member coupled to the second tubular support body. A dog 
assembly is movably coupled to the tajbular support member that includes a first tubular 

5 sleeve that defines a slot ior receiving and mating with the L-shaped retaining member 
of the split ring collar, a first counterbore for receiving the first flange, and a third radial 
passage, a spring received within the first counterbore, a retaining ring received within 
the first counterbore, a load transfer pin coupled to the retaining ring and extending 
through the third radial passage, a second tubular sleeve coupled to ttie first load 

10 transfer pin that defines a first counterbore for receiving the first tubular sleeve, a 
second counterbore for receiving and mating with the tapered flange, and includes a 
third flange that defines a third counterbore for receiving the second flange, a fourth 
counterbore for receiving the second flange, and a fourth radial passage, and a 
resilient dog coupled to the second tubular sleeve and positioned adjacent to the 

1 5 tapiered flange. First and second packer cups are coupled to the tubular support 
member between the resilient dog and the third flange. 

According to another aspect of the present invention, an adjustable expansion 
cone assembly is provided that Includes a tubular support member that includes a 
tubular support body and an expansion cone support body coupled to the tubular 

20 support body. The expansion cone support body includes an N-sided tapered tubular 
support member, wherein eac^ side of Vi\e multi-sided tapered tubular support member 
defines a T-shaped slot. N expansion cone segments are movably coupled to the 
expansion cone support body, each including an expansion cone segment body 
including arcuate conical outer surfaces, a first T-shaped retaining member coupled to 

25 the expansion cone segment body for movably coupling the expansion cone segment 
body to a corresponding one of the T-shaped slots of the expansion cone support 
body, and a second T-shaped retaining member coupled to the expansion cone 
segment body. A split ring collar Is movably coupled to the exterior of the tubular 
support member that includes a second tubular support body that defines N T-shaped 

30 slots for movat>ly receiving corresponding ones of the second T-shaped retaining 
memt>ers of the expansion cone segments, and an L-shaped retaining member 
coupled to the second tubular support body. A tubular actuating sleeve is movably 
coupled to the tubular support member that Includes a third tubular support body that 
defines a slot for receiving and mating witti the L-shaped retaining member of the split 

35 ring collar. 
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According to another aspect of the present invention, an adjustable expansion 
cone assembly is provided that includes a tubular support member that includes a first 
tubular support body, and an expansion cone support body coupled to the tubular 
support body. The expansion cone support body includes a tapered tubular support 

5 member defining N stepped slots. An expansion cone assembly is movably coupled to 
the tubular sup(K)rt member that includes a second tubular support body nrK)vably 
coupled to the first tubular support body defining an L*shaped slot, and N expansion 
cone segments extending from the second tubular support member. Each expansion 
cone segment includes a resilient collet coupled to the second tubular support member. 

10 an expansion cone segment body coupled to the resilient collet including arcuate 
conical outer surfaces, and a retaining member coupled to the expansion cone 
segment body for movably coupling the expansion cone segment body to a 
corresponding one of the stepped slots of the expansion cone support body. A split 
ring collar is movably coupled to the exterior of the tubular support member that 

15 includes a third tubular support body, a first L-shaped retaining member ooupled to the 
third tubular support body for mating with the L-shaped slot of the second tubular 
support body of the expansion cone assembly, and a second L-shaped retaining 
member coupled to the third tubular body. A tubular actuating sleeve is movably 
coupled to the tubular support member that includes a third tubular support body that 

20 defines a slot for receiving and mating with the second L-shaped retaining member of 
the spilt ring collar. 

According to another aspect of the present invention, an adjustable expansion 
cone assembly is provided that includes a tubular support nriember that includes a first 
tubular support body, and an expansion cone support body coupled to the tubular 

25 support body. Hie expansion cone support t>ody includes a tapered tubular support 
member defining N slots. An expansion cone assembly is movably coupled to the 
tubular support member that indudes a second tubular support body movably coupled 
to the first tubular support body defining an L-shaped slot, and N expansion cone 
segrnents extending from the second tubular support membm*. Each expansion cone 

30 segment includes a resilient collet ooupled to the second tubular support member, an 
expansion cone segment body coupled to the resilient collet including arcuate conical 
outer surfaces, and a retaining member coupled to the expansion cone segment body 
for movably coupling the expansim cone segment body to a corresporKling one of the 
slots of the expansion cone support body. A split ring collar is movably coupled to the 

35 exterior of the tubular support nnember that Includes a third tubular support body, a first 
L-shaped retaining member coupled to the third tubular support body for mating with 
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the L-shaped slot of the second tubular support body, and a second L-shaped retaining 
member coupled to the third tubular support body. A tubular actuating sleeve is 
movaWy coupled to the tubular support member that includes a third tubular support 
body that defines a slot for receiving and mating with the second L-shaped retaining 
5 member of the split ring collar. 

According to another aspect of the present invention, an adjustable expansion 
cone assembly is provided that Includes a tubular support member that includes a first 
tubular support body, and an expansion cone support body coupled to the tubular 
support body. The e)q)ansion cone support body includes a tapered tubular support 

10 member defining N slots. An expansion cone assembly Is movably coupled to the 
tubular support member that includes a second tubular support body movably coupled 
to the first tubular support body defining an L-shaped slot, N/2 first expansion cone 
segments extending from the second tubular support member, and N/2 second 
. expansion cone segments extending from the second tubular member. Each first 

1 5 expansim cone segment includes a first resilient cdlet coupled to the second tubular 
support member, a first expansion cone segment body coupled to the resilient collet 
including arcuate conical outer surfaces, and a first retainir^ member coupled to the 
expansion cone segment body for movably coupling the expansion cone segment body 
to a conn^ponding one of the slots of the expansion cone support body. Each second 

20 expansion cone segment includes a second resilient collet coupled to the secc^d 
tubular support member, a second expansion cone segment body coupled to the 
resilient collet including arcuate conical outer surfepes, and a second retaining member 
coupled to the expansion cone segment body for nrK)vably coupling the expansion cone 
segment body to a corresponding one of the slots of the expansion cone support body. 

25 The second expansion cone segments overlap and are interleaved with the first 

expansion cone segments. A split ring collar is nrwvably coupled to the exterior of the 
tubular support member that includes a third tubular support body, a first L-shaped 
retaining member coupled to the third tubular support body for mating with L-shaped 
slot of the second tubular support body, and a second L-shaped retaining member 

30 ooi4>led to the third tubular support body. A tubular actuating sleeve is movably 

coupled to the tubular support member that includes a third tubular support body that 
defines a slot tor receiving and mating with the second L-shaped retaining member of 
the split rirtg collar. 

According to another aspect of the present invention, an adjustable expansion 
35 cone assembly is provided that includes a tubular support nrvember that includes a flret 
tubular support body, and an expansion cone support body coupled to the first tubular 
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support body. The expansion cone support body indudes an N-sided tapered tubular 
support member, wherein each side of the multl-slded tapered tubular support member 
defines a T-shaped slot N/2 first expansion cone segments are movably coupled to 
the expansion cone support body, each including a first expansion cone segment body 
5 induding arcuate conical outer surfaces, a first T-shaped retaining member coupled to 
the first expar^ion cone segment body for movably coupling the first expansion cone 
segment body to a corresponding one of the T-shaped slots of the expansion cone 
support body, and a second T-shaped retaining member coupled to the first expansion 
cone segmwt Ixxly. N/2 second expansion cone segments are also movably coupled 

10 to the expansion cone support body, each including a second expansion cone segment 
body induding arcuate conical outer surfaces, a third T-shaped retaining member 
coupled to the second expansion cone segment body for movably coupling the second 
expanston cone segment body to a corresponding one of the T-shaped slots of the 
expansion cone support body, and a fourth T^haped retaining member oouptsd to the 

15 expansion cone segment body. The first and second expansion cone segments are 
interieaved. The first expansion cone segment bodies are complementary shaped with 
respect to the second expansion cone segment bodies. A split ring collar assembly Is 
movably coupled to the exterior of the tubular sun)ort member that Indudes a second 
tubular support body ttiat defines N T-shaped slots fcr movably receiving 

20 corresponding ones of the second and fourth T-shaped retaining members of the 
interieaved first and second expansion cone segments, and an L-shaped retaining 
member coupled to the second tubular support body. A tubular actuating sleeve 
movably coupled to the tubular support member that indudes a third tubular support 
body that defines a slot for receiving and mating with the L-shaped retaining member of 

25 the split ring collar. 

According to another aspect of the present invention, an apparatus for radially 
expanding a tubular member is provided that indudes a tubular support member that 
indudes a first tubular support body defining a longitudinal passage, a first lug coupled 
to and extending from the first tubular support body in the radial direction, and a 

30 second lug coupled to and extending from the first tubular support txxiy in the radial 
direction. An adjustable expansion cone assembly Is movably coupled to the tubular 
support mmber. A first drag block assembly Is nnovably coupled to the tubular support 
member that indudes a first drag block body coupled to the adjustable expansk>n cone 
assenfrt>ly that defbies: a first J-shaped stot for receiving the first lug« and one or more 

35 first drag bkxdcs coupled to the first <firsg block body. A second drag bk>ck£»sembly is 
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movably coupled to the tubular support member that includes a second drag, block 
body that defines: a second J-shaped slot for receiving the second lug, and 
one or more second drag blocks coupled to the second drag block body. Rrst and 
second packer cups are coupled to the tubular support memt>er between the first and 
5 second drag block assemblies. 

According to another aspect of the present inventton, an apparatus for radially 
expanding a tubular member Is provided that includes a tubular support member that 
includes a first tubular support body defining a longitudinal passage, a first flange 
coupled to the first tubular support body, a second flange coupled to the first tubular 

10 support body, a first tapered flange coupjed to the first tubular support body, and a 
second tapered flange coupled to ttie first tubular support body. An adjustable 
expansion cone assembly' Is movably coupled to the tubular support member. A first 
ooltet assennbly is movably coupled to the tubular support member that includes a first 
tubular sleeve coupled to the adjustable expanston cone assembly and defines a first 

IS counterbore for receiving the first flange, and a flrst radial passage, afirst spring 
received within the first counterbore, a flrst retaining ring received wKhin the first 
counterbore, a first load transfer pin coupled to the first retaining ring and extending 
through the first radial passage, a second tubular sleeve coupled to the first toad 
transfer pin, a first resilient collet coupled to the second tubular sleeve and positioned 

20 above the first tapered flange, and a third tubular sleeve coupled to the first resilient 
collet. A second collet assembly is movaUy coupled to the tubular support member 
that includes a fourth tubular sleeve that defines: a second counterbore for recehring 
the second flange, and a second radial passage, a second spring received within the 
second counterbore, a second retaining ring received within the second countertiore, a 

25 second toad transfer pin coupled to the second retaining ring and extending through 
the second radial passage, a fifih tubular sleeve coupled to the second load transfer 
pin, a second resilient collet coupled to the fifth tubular sleeve and positioned above 
the second tapered flange, and a sbdh tubular sleeve coupled to the second resilient 
coileL First and second packer cups are coupled to the tubular support member 

30 between the first and secmd odtet assemblies. 

According to another aspect of the present tn\«ntion, an apparatus for radially 
expanding a tubular member is provMed that includes a tubular support member that 
includes a first tubular support body defining a longitudinal passage, a first radial 
passage defined in the first tubular support body fluidtoly coupled to the longitudinal 

35 passage, a first flange coupled to the first tubular support body, a second flange 
coupled to the first tubular support body, a first tapered flange coupled to the flrst 
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tubular support bcxiy, and a second tapered flange coupled to the first tubular support 
baly. An adjustable expansion cone assembly is movably coupled to the tubular 
support member. A first dog assembly is movably coupled to the tubular support 
member that includes a first tubular sleeve coupled to the adjustable expansion cone 
5 assembly that defines: a first countertwre for receiving the first flange, and a second 
radial passage, a first spring received vwthin the first countertwre, a first retaining ring 
received within the first oountertx)re. a first load transfer pin coupled to the first 
retaining ring and extending through the second radial passage, a second tubular 
sleeve coupled to the first load transfer pin that defines: a second counterbore for 

10 receiving the first tubular sleeve, a first resilient dog coupled to the second tubular 
sleeve and positioned adjacent to the first tapered flange. A second dog assembly is 
movably coupled to the tubular support member that Includes a third tubular sleevd that 
defines a second countertxwe for receiving the second flange; 
a third radial passage, and a fourth radial passage fluidicly coupled to the fbst radial 

15 passage, a second spring received within the second countert>ore, a second retaining 
ring received within the second countert>ore« a second load transfer pin coupled to the 
second retaining ring and extending through the third radial passage, a fourth tubular 
sleeve coupled to the second load transfer pin, a second resilient dog coupled to the 
fourth tubular sleeve and positioned adjacent to the second tapered flange. First and 

20 second padcer cups are coupled to the tubular support member between the first and 
second dog assemblies. 

According to another aspect of the present invention, an apparatus for radially 
expanding a tubular member is provided that includes a tubular support member that 
includes a first tubular support body defining a longitudinal passage including a throat 

25 passage, a first radial passage defined in the first tubular support body fluidicly coupled 
to the longitudinal passage, a first flange coupled to the first tubular support body, and 
a second flange coupled to the first tubular support body that defines: a second radial 
passage deflned in the second flange fluidicly coupled to the longitudinal passage. An 
adjustable expansion cone assembly Is nfK)vably coupled to the tubular support 

30 mennber. A dog assembly is movably coupled to the tubular support member that 
Includes a first tubular sleeve co(4)led to the adjustable expansion cone assembly that 
defines a first counterbore for receiving the first flange, and a third radial passage, a 
spring received within the first counteri)ore. a retaining ring received within the first 
oounterixm, a load transfer pin coupled to the retaining ring and extending through the 

35 third radial passage, a second tubular sleeve coupled to the first load trartsfer pin that 
defines: a first oountertxxe for receiving the first tubular sleeve, a second countertx>re 
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for reoeiving and mating with the tapered flange, and includes a third flange that 
defines a third counterbore for receiving the second flange, a fourth counterbore for 
receiving the second flange, and a fourth radial passage, and a resilient dog coupled to 
the second tubular sleeve and positioned adjacent to the tapered flange. First and 
5 second packer cups are coupled to the tubular support member between the resilient 
dog and the third flange. 

According to another aspect of the present invention, an apparatus for radially 
expanding a tubular member is provided that Includes a tubular support member, an 
adjustable expansion cone assembly movably coupled to the tubular support member, 

1 0 and means for adjusting the adjustable expansion cone assembly. 

According to another aspect of the present invention, an adjustable expansion 
cone assembly is provided that Includes a tubular support member. An adjustable 
expansion cone is movably coupled to the tubular support member ttet includes a 
plurality of expansion oone segments, and means for guiding the expansion cone 

1 5 segments on the tubutar support member. The assenribly further includes means for 
adjusting the adjustable expansion cone. 

According to another aspect of the present invention, a method of operating an 
adjustable expansion oone assembly including a plurality of expansion cone segments 
is provided that includes guiding the expansion cone segments on a tapered body, and 

20 controltably displacing the expansion cone segments along the tapered body. 

According to another aspect of the present invention, a method of operating an 
adjustable expansion cone assembly including a plurality of expansion cone segments 
is provided that includes guiding the expansion cone segments on a multi-sided 
tapered body, interlocking the expansion cone segments, and controllably displacing 

25 the expansion cone segments along the tapered body. 

According to another aspect of the present invention, a method of operating an 
adjustable expansion cone assembly including a plurality of expansion cone segments 
is provkjed that includes resiliently guiding the expanston cone segments on a multi- 
sided tapered body, guUing each of the expansion cone segments on opposite sides In 

30 the circumferential directton. ihtedocking the expansion cone segments, and 
controllably displacing the expansion oone segments atong the tapered body. 

According to another aspect of the present invention, a method of operating an 
adjustable expansion cone assembly including a plurality of expanston oone segments 
is provkJed that includes divkiing the expansion cone segments into first and second 

35 groups of expanskxi cone segments, interleaving the first and second groups of 

expanston cone segments, overlapping the first and second groups of expansion cone 
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segments, resiliently guiding the expansion cone segments on a multt-stded tapered 
body, guiding each of the expansion cone segments on opposite sides in the 
circumferential direction, and controllabiy displacing the expansion cone segments 
along the tapered body. 
5 According to another aspect of the present invention, a method of operating an 

adjustable expansion cone assembly including a plurality of expansion cone segments 
is provided that Includes dividing the expansion cone segments into first and second 
groups of expansion cone segments, interteaving the first and second groups of 
expansion cone segments, guiding the expansion cone segments on a multl-slded 

10 tapered body, and controllabiy displacing the expansion cone segments along the 
tapered body while also relatively displacing the frst and second groups of expansion 
cone segments in opposite directions. 

According to another aspect of the present invention, a method of plastically 
defomilng and radially expanding an expandable tubular member using an apparatus 

1 5 including a tubular support member, an ^Jjustable expansion cone assembly movably 
coupled to the tubular support member, and an actuator movably coupled to the tubular 
support member for adjusting the adjustable expansion cone assembly, is provided that 
includes coupling a first end of the expandable tubular member to a tubidar stmcture, 
locking the actuator to the tubular support member of the apparatus, inserting the 

20 apparatus into the first end of the expandable tubular member, moving the. actuator and 
the adjustable expansion cone assembly of the apparatus out of the second end of the 
expandable tubular member, reinserting the actuator of the apparatus into the second 
end of the expandable tubular member, unlocking the actuator from the tubular support 
member of the apparatus, rotating the actuator relative to the tubular support member 

25 of the apparatus, and increasing the outside diameter of the adjustable expansion cone 
assembly by moving the tubular support member relative to the actuator, the adjustable 
expanston cone assembly and the expandable tubular member, and plastk:aily 
defonming and radially expanding the expandable tubular member by moving the 
adjustable expansion cone assembly through the expandable tubular member 

30 According to another aspect of the present invention, a method of plastically 

deforming and radially expanding an expandable tubular member using an apparatus 
including a tubular support member, an adjustable expansion cone assembly movably 
coupled to the tubular support member, and an actuator movably coupled to the tubular 
support member for adjusting the adjustable expanskm cone assembly, is provkled that 

35 includes coupling a first end of the expandable tubular member to a tubular stnicture, 
inserting the apparatus into the first end of the expandable tubular member in a first 
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direction, displacing the actuator of the apparatus in a second direction opposite to the 
first direction, applying a resilient biasing force to the adjustable expansion cone 
assembly in the second direction, moving the actuator and the adjustable expansion 
cone assembly of the apparatus out of the second end of the expandable tubular 
5 member, reinserting the actuator of the apparatus into the second end of the 

expandable tubular member in the second direction, increasing the outside diameter of 
the adjustable expansion cone assembly by displacing the actuator and the adjustable 
expansion cone assembly relative to the expandable tubular member in the first 
direction, and plastically defomning and radially expanding the expandable tubular 
10 member by moving the adjustable expansion cone assembly through the expandable 
tubular member In the second direction. 

According to another aspect of the present invention, an adjustable expansion 
cone assembly is provided that includes a plurality of expansion cone segments, 
means for guiding the expansion cone segments on a tapered body, and means for 
1 5 controllably displacing the expansion cone segnnents along the tapered body. 

According to another aspect of the present invention, an adjustable expansion 
cone assembly is provided that includes a plurality of expansion cone segments, 
means for guiding the expansion cone segments on a multi-sided tapered body, means 
for interlocking the expansion cone segments, and means for controllably displadng 
20 the expansion cone segments along the tapered t>ody. 

According to another aspect of the present invention, an adjustable expansion 
cone assembly is provided that includes a plurality of expansion cone segments, 
means for resiliently guiding the expansion cone segments on a multi-sided tapered 
body, means for guiding each of the expansion cone segments on opposite sides in the 
25 circumferential direction, means for interlocking the expansion cone segments, and 
means for controllably displacing the expansion cone segments along the tapered 
body. 

According to another aspect of the present Invention, an adjustable expansion 
cone assembly is provided that includes a plurality of expanston cone segments, 

30 means for divkling the expansion cone segments into first and second groups of 
expand cone segments, means for interleaving the first and second groups of 
expanston cone segnnents. means for overlapping the first and second groups of 
expanston cone segments, rnear^ for resiliently gukling the expanston cone segments 
on a multi-sided tapered tK>dy, means for guiding each of the expansion cone 

35 segments on opposite sMes in the drcumferential directton, and means for controllably 
displadng the expansion corie segments along the tapered body. 
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According to another aspect of the present invention, an adjustal)le expansion 
cone assembly is provided that includes a plurality of expansion cone segments, 
means for dividing the expansion cone segments into first and second groups of 
expansion cone segments, means for interleaving the first and second groups of 
expansion cone segnrents, nwans for guiding the expansion cone segments on a multi- 
sided tapered body, and means forcontrollably displacing the expansion cone 
segments along the tapered body while also relatively displacing the first and second 
groups of expansion cone segments in opposfte directions. 

According to another aspect of the present invention, an apparatus for 
plastically defomrring and radially expanding an expandable tubular member is provided 
that includes a tubular support member, an adjustable expansion cone assembly 
movaUy coupled to the tubular support menti)er. means for actuating the adjustable 
expansion cone assembly, means for locking the actuator to the tubular support 
inember of the apparatus, means for unlocking the actuator from the tubular support 
member of the apparatus, and means for increasing the outside diameter of the 
adjustable expansion cone assembly by moving the tubular support member relative to 
the actuator, the adjustable expansion cone assembly, and the expandaUe tubular 
member. 

According to another aspect of the present Invention, an apparatus for 
plastically deforming and radially expanding an exparKlable tubular member is provided 
that includes a tubular support member, an adjustable expansion oone assembly 
movably coupled to the tubular support member, means for actuating the adjustable 
expansion cone assembly, means for displacing the actuator of the apparatus in a first 
direction, means for applying a resilient biasing force to the adjustable expansion cone 
assembly when the actuator is displaced in the first direction, and means for increasing 
the outside diarneter of the adjustable expansion cone assembly by displacing the 
actuatn- and the adjustable expansion cone assembly relative to the expandable 
tubular member in a second directkm opposite to the first direction. 

Brief Description of the Drawings 

Figs. 1 and 1a-1d are fragmentary cross-sectional views of an embodiment of 
the placement of an apparatus for radially expanding a tuiMJiar member within a tubular 
member within a borehole within a subterranean formation. 

Fig. 1 e is a cross-sectional view of an embodiment of the expanston cone 
support body of the apparatus of Figs. 1 and la-Id. 

Fig. If is a cross-sectkxiai view of the expansion cone support body of Fig. 1e. 
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Fig. 1g is a side view of an embodiment of an expansion cone segment for use 
in the apparatus of Figs. 1 and la-Id. 

Fig. 1h is a front view of the expansion cone segment of Fig. 1g. 

Fig. 1i is a top view of the expansion cone segment of Fig. 1g. 
5 Fig. 1j is a top view of an emlxxliment of interlocking expansion cone segments 

for use in the apparatus of Figs. 1 and 1a-1d. 

Fig. 1k is a top fragmentary drcumferential view of an emt)odlment of the 
coupling arrangement between the expansion cone segments and the split ring collar 
for use in the apparatus of Figs. 1 and 1a-1d. 
10 Figs. II and 1 m are top schematic views of an embodiment of the coupling 

between the J-stots of the drag blocks and the lugs of the tubular support member of 
the apparatus of Figs. 1 and la-Id. 

Figs. 2 and 2a-2d are fragmentary cross-sedional Illustrations of the apparatus 
of Figs. 1 and 1a-1d during the radial expansion of the tubular member within the 
1 5 borehole within the subterranean formation. 

Figs. 2e and 2f are illustrattons of an embodiment of the J-slots of the drag 
blocks and the lugs of the tubular support member of the apparatus of Figs. 2 and 2a- 
2d. 

Figs. 2g and 2t\ are illustrattons of an alternative embodiment of the J-slots of 
20 the drag blocks and the lugs of the tubular support member of the apparatus of Figs. 2 
and2a-2d. 

Figs, 3 and 3a-3c are fragmentary cross-sectional tllustrattons of an 
embodiment of the placement of an apparatus for radially expanding a tubular member 
within a wellbore casing within a subten^nean fomiatlon. 
25 Fig. 3d is a cross-secUonal view of an embodiment of the expansion cone 

support body of the apparati^ of Figs. 3 and 3a-3c. 

Rg. 3e Is a cross-sectional view of the expansion cone support body of Rg. 3d. 
Fig. 3f is a side view of an embodiment of an expansion cone segment for use 
In the apparatus of Figs. 3 and 3a-3c. 
30 Fig. 3g is a fironl view of the expansion cone segment of Fig. 3f. 

Fig. 3h is a top view of the expansion cone segmmt of Fig. 3f. 
Fig. 3t is a top view an embodiment of interiock'mg expansion cone segments 
for use in the apparatus of Figs. 3 and 3a-3c. 

Fig. 3j Is a top fragmentary circumferential view of an embodiment of the 
35 coupHng arrangement between the expanston cone segments and the split ring collar 
for use in the apparatus of Figs. 3 and 3a-3c. 
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Figs. 4 and 4a-4d are fragmentary cross-sectional illustrations of an 
embodiment of the placement of tfie apparatus of Figs. 3 and 3a-3c including an 
expandable tubular member within an expandable tubular member within a 
subterranean formation. 
5 Figs. 5 and 5a-5d are fragmentary cross-sectional illustrations of an 

embodiment of the operation of the apparatus of Rgs. 4 and 4a-4d during the radial 
expansion of the expandable tubular member within the borehole within the 
subterranean formation. 

Figs. 6 and 6a^d are fragmentary cross-sectional illustrations of an 
10 embodiment of the placement of an apparatus for radially expanding a tubular member 
within a borehole v^in a subtenanean formation. 

Fig. 6e is a aoss-sectional view of an embodiment of the expansion cone 
support body of the apparatus of Rgs. 6 and 6a-6d. 

Rg. 6f is a cross-sectional view of the expansion cone support body of Fig. 66. 
15 Fig. 6g is a side view of an embodiment of an expansion cone segment for use 

in the apparatus of Figs. 6 and 6a-6d. 

Fig. 6h is a front view of the expansion cone segment of Fig. eg. 

Fig. 6i is a top view of the expansion cone segment of Fig. 6g. 

Rg. 6j is a top view of an embodiment of interiodcing expansion cone segments 
20 for use in the apparatus of Figs. 6 and 6a-6d. 

Fig. 6k is a top fragmentary drcumferential view of an embodiment of the 
coupling arrangement between the expansion cone segments and the split ring collar 
for use in the apparatus of Figs. 6 and 6a-6d. 

Figs. 7 and 7a-7c are fragmentary cross-sectional illustrations of an 
25 embodiment of the placement of the apparatus of Figs. 6 and 6a-6d including an 
expandable tubular member within a borehole witt^in a subterranean formation. 

Figs. 6 and 8a-dd are fragmentary cross-sectional illustrations of an 
embodiment of the operation of the apparatus of Rgs. 7 and 7a-7d during the radial 
expanston of the expandable tubular member v^in a borehole within a subterranean 
30 fbmriation. 

Rg. 9 is a frs^mentary cross sectional Illustration of an embodiment of an 
expansion cone assembly in an unexpended position. 

Rg. 9a is a cross sectional illustration of the expansion cone assembly of Fig. 9. 
Fig. 1 0 is a fragmentary cross sectional illustration of the expansion cone 
35 assembly of Rg. 9 In an expanded petition. 
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Fig. 10a is a cross sectional illustration of the expansion cone assembly of Fig. 

10. 

Fig, 1 lis a fragmentary cross sectional illustration of an embodiment of an 
expansion cone assembly in an unexpanded position. 
5 Fig. 11a is a cross sectional illustration of the expansion cone assembly of Fig. 

11. 

Fig. 12 Is a fragmentary cross sectional illustration of the expansion cone 
assembly of Rg. 1 1 in an expanded position. 

Fig. 12a is a cross sectional illustration of the expansion cone assembly of Rg. 

10 12. 

F^. 13 is a fragmentary cross sectional illustration of an embodiment of an 
expansion cone assembly in an unexpanded position. 

Fig. 13a is a cross sectionaf illustration of ttie expansion cone assembly of Fig. 

13. 

15 Fig. 13b is a fragmentary top circumferential illustration of the expansion cone 

segment assembly of Rg. 13 tt>at illustrates the interleaved sets of collets. 

Rg. 13c is a fragmentary cross sectional Illustration of ttie interleaved collets of 
Fig. 13b. 

Fig. 14 is a fragmentary cross sectional illustration of the expansion cone 
20 assembly of Fig. 1 3 in an expanded position. 

Fig. 14a is a cross sectional illustration of the expansion cone assembly of Fig. 

14. 

Figs. 15 and 15a-15c are fragmentary cross-sectional illustrations of an 
eml)odiment of the placement of an apparatus for radially expanding a tubular member 
25 within a borehole wittiin a subterranean fonmation. 

Fig. 15d is a cross-sectional view of an embodiment of the expansion cone 
support body of ttie apparatus of Figs. 1 5 and 1 5a-1 5c. 

Fig. 15e is a cross-sectional view of the expansion cone support body of Rg. 

15d. 

30 Fig. 1 5f is a side view of an ennbodiment of an expansion cone segment for use 

in the apparatus of Rgs. 15 and 15a-1 5c 

Rg. 15g is a front view of tiie expansion cone segment of Fig. 15f. 

Rg. 15h is a top vtew of tiie expansion cone segment of Fig. 15f. 

Rg. 151 is a top view of an emtKxliment of intertoddng expansion cone 
35 segments for use In ttie apparatus of Figs. 15 and 15a-15a 
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Fig. 15j is a top fragmentary circurrtferential view of an embodiment of the 
cx)upling arrangement between the expansion cone segments and the split ring collar 
for use in the apparatus of Figs. 15 and 15a-15c. 

Figs. 16 and 16a-16c are fragmentary cross-sectional illustrations of an 
5 embodiment of the placement of the apparatus of Figs. 1 5 and 1 5a-15j including an 
expandable tubular member within a borehole within a subten^nean formation. 

Figs. 17 and 17a-17c are fragmentary cross-sectional illustrations of an 
embodiment of the c^>eration of the apparatus of Figs. 16 and 16a-16c during the radial 
expansion of the expandable tubular member within a borehole wthin a subterranean 
10 fomnation. 

Fig. 18a is a cross sectional illustration of an embodiment of a segmented 
expansion cone assembly in an unexpanded position. 

Fig. 18b is a fragmentary circumferential top illustration of the expansion cone 
arid split ring collar of Rg. 16a. 
15 Fig. 18c is a fragmentary cross-sectional illustration of the expansion cone 

support flange of the expansion cone assembly of Fig. 18a. 

Rg. 18d is a cross-sectimal Dlustration of the expansion cone support flange of 
Fig. 18c. 

Fig. 19a is a cross sectional illustration of an embodiment of the segmented 
20 expansion cone assembly of Fig. 18a in an expanded position. 

Fig. 19b is a fragmentary circumferential top view of the expansion cone of Fig. 

19a. 

Figs. 20a-20m are top circumferential views of various altemative embodiments 
of interlocking expansion cone segment geometries. 
25 Detailed Description of the Illustrative Embodiments 

Referring initially to Rgs. 1 and la-Id, an embodiment of an apparatus and 
method for radially expanding a tubular member wBI now be described. As illustrated in 
Figs. 1 and la-Id. a weHbore 100 is positioned In a subtenanean formation 105. In an 
exemplary embodiment, the wallbore 100 may include a pre-existing cased section 
30 110. The wellbore 100 may be positioned in any orientation from vertical to horizontal. 

In order to extend the welU)ore 100 into the subterranean fbnnation 105. a drill 
string is used in a weH known manner to drill out material from the sut>terranean 
formation 1 to form a new welltx>re sedton 115. In a preferred emtxxliment, the 
inside diameter of the new wellbore section 1 15 is greater than or equal to the inside 
35 diameter of the preexisting wellbore casing 110. 
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A tubular member 120 defining a passage 120a may then be positioned within 
the welibore section 115 wHh the upper end 1 20b of the tubular member coupled to the 
wellboTB casing 1 10 and the lower end 12dc of the tubular member extending into the 
welibore section. The tubular member 120 may be positioned within the welibore 
section 1 1 5 and coupled to the welibore casing 1 10 in a conventional manner. In a 
prefaced embodiment, the tubular member 120 is positioned within the welibore 
section 1 15 and coupled to the welibore casing 110 using one or more of the methods 
and apparatus disclosed in one or more of the following: (1) U.S. patent application 
serial no. 09/454,139, attorney docket no. 25791.03.02. filed on 12/3/1999, (2) U.S. 
patent application serial no. 09/510,913, attomey docket no. 25791.7.02. filed on 
2/23/2000. (3) U.S. patent applicatkin serial no. 09/502.350. attomey docket no. 
25791.8.02, filed on 2/10/2000. (4) U.S. patent application serial no. 09/440,338, 
attomey docket no. 25791 .9.02. filed on 1 1/15/1999, (5) U.S. patent application serial 
no. 09/523.460. attomey docket no. 25791 .1 1 .02, filed on 3/10/2000. (6) U.S. patent 
application serial no. 09/512,895* attomey docket no. 25791.12.02, filed on 2/24/2000, 
(7) U.S. patent application serial no. 09/51 1.941, attomey docket no. 25791.16.02. filed 
on 2/24/2000. (8) U.S. patent application serial no. 09/588,946, attomey docket no. 
25791.17.02, filed on 6/7/2000. (9) U.S. patent applicatkm serial no. 09/559.122. 
attomey docket no. 25791 .23.02. filed on 4/26/2000, (10) PCT patent applicatkjn serial 
no. PCTAJSOO/18635, attomey docket no. 25791.25.02, filed on 7/9/2000, (11) U.S. 
provisfonai patent application serial no. 60/162.871 . attomey docket no. ^91.27, filed 
on 1 1/1/1999, (12) U.S. provisional patent application serial no. 60/154.047, attomey 
docket no. 25791.29, filed on 9/16/1999. (13) U.S. provisional patent applicatk)n serial 
no. 60/159,082, attomey docket no. 25791.34. filed op 10/12/1999. (14) U.S. 
provisional patent application serial no. 60/159.039. attomey docket no. 25791.36. filed 
on 10/12/1999. (15) U.S. provisional patent application serial no. 60/159.033. attomey 
docket no. 25791.37, filed on 10/12/1999. (16) U.S. provisional patent application serial 
no. 60/212,359. attomey docket no. 25791.38. filed on 6/19/2000. (17) U.S. provisional 
patent application serial no. 60/165.228. attomey docket no. 25791 .39, filed on 
1 1/12/1999, (18) U.S. provisional patent application serial no. 60/221 .443. attomey 
docket no. 25791.45, filed on 7/28/2000. (19) U.S. provistonal patent applkatton serial 
no. 60/221.645, attomey docket no. 25791.46, filed on 7/28/2000. (20) U.S. provistonal 
patent appHcation serial no. 60/233.638, attomey docket no. 25791.47. filed on 
9/18/2000, (21) U.S. provislohal patent appEcafion serial no. 60/237.334, attomey 
docket no. 25791.48. filed on 10/2/2000, (22) U.S. provistonal patent s«>pficatk)n serial 
no. 60/270.007. attomey docket no. 25791.50. ffled on 2/20/2001; and (23) U.S. 
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provisional patent application serial no. 60/262,434. attorney docket no. 25791.51, filed 
on 1/17/2001; and (24) U.S. provisional patent application serial no. 60/259,486, 
attorney docket no. 25791.52. filed on 1/3/2001. the disclosures of which are 
incorporated herein by reference. 
5 As illustrated in Figs. 1 and la-Id. an apparatus 200 for radially expanding a 

tubular member may then be positioned In the new section 1 15 of the wellbore 100 
within the tubular member 120. The apparatus 200 includes a tubular support member 
205 defining an internal passage 205a that is coupled to an end of a tubular coupling 
210 defining an Internal passage 210a. The other end of the tubular coupling 210 is 

10 coupled to an end of a tubular support member 215 defining an internal passage 215a 
that includes a first lug 215b, a radial passage 215c, a first flange 215d. a second 
flange 215e, a second lug 215f. and an expansion cone support body 215g. The other 
end of the tubular support nr^ber 215 is coupled to a tubular end stop 220 that 
defines a passage 220a. 

15 As illustrated In Figs. 1e and If. the expansion cone support body 215g 

includes a first end 215ga. a tapered hexagonal portion 215gb that includes a plurality 
of T-shaped slots 215gba provided on each of the external faceted surfeoes of the 
tapered hexagonal portion, and a second end 215g& in an exemplary embodiment, 
the angle of attack of the tapered hexagonal portion ranges from about 35 to 50 

20 degrees for reasons to be described. 

As illustrated in Figs. 1, la-Id. 1g, 1h, and 1i. a plurality of expansion cone 
segments 225 are provided that include first ends 225a that include T-shaped retaining 
members 225aa and second ends 225b that include T-shaped retaining members 
225ba that mate with and are received within corresponding T-shaped slots 215gba on 

25 tiie tapered hexagonal portion 21 5gb of ttie expansion cone support body 21 5g. first 
external surfoces 225bb, second external surfaces 225bc, and third external surfaces 
225bd. Thus, in an exemplary embodiment, a total of six expansion cone segments 
225 are provMed that are slidably coupled to corresponding sides of the tapered 
hexagonal portion 21 5gb of the expanston cone support body. 

30 In an exemplary embodiment, the widths of the first external surfaces 225bb of 

the expanston cone segments 225 increase in the direction of the second external 
suffices 225bc, ttie wktths of the second external surfaces are substantially constant, 
and U>e wMtiis of the ttiird external surfaces 2^bd decrease in the direction of ttie first 
ends 225a of ttie expansion cone segments for reasons to be described. In an 

35 exemplary embodiment, the first external surfaces 225bb of the expansion cone 

segments 225 taper upwardly in ttie direction of the second external surfeices 225bc 
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the second external surfaces taper upwardly in the direction of the third external 
surfaces 225t)d, and the third external surfaces 225bd taper downwardly In the 
direction of the first ends 225a of the expansion cone segnr^nts for reasons to be 
descril>ed. In an exemplary embodiment, the angle of attack of the taper of the first 
5 external surfaces 225bb of the expansion cone segnr>ents 225 are greater than the 
angle of attack of the taper of the second external surfaces 225bc. In an exemirfary 
embodiment, the first and second external surfaces.. 225bb and 225bc of the 
expansion cone segments 225 are arcuate such that when the expansion cone 
segments 225 are displaced in the direction of the end stop 220. the first and second 

10 extemal surfaces of the expansion cone segments provide a substantially continuous 
outer ctrcumferentiai surface for reasons to be described. 

As illustrated In Fig. 1J. in an exemplary embodiment, the extemal surfaces, 
225bb, 225bc and 225bd, of the second ends 225b of the expansk^n cone segments 
225 are adapted to mate with one another in order to Interlock adjacent expansion 

15 cone segments. 

As illustrated in Figs. 1, 1a-1d, and Ik, a split ring collar 230 that defines a 
passage 230a for receiving the tubular support member 215 Is provided that Includes a 
first end that includes pluraUty of T-shaped slots 230b for receiving and mating with 
conesponding T-shaped retaining members 225aa of the expansk>n cone segments 

20 225 and a second end that includes an L-shaped retaining member 230a In an 
exemplary embodiment, the split ring collar 230 is a conventional split ring collar 
commerciaKy available from HaDlburton Energy Services modified In accordance with 
the teachings of the present disck)sure. 

As Illustrated in Rgs. 1. 1a-1d. and 1m, a drag block assembly 235 that defines 

25 a passage 235a for receiving the tubular support member 21 5 is provided that includes 
a first end that includes an L-shaped slot 235b for receiving and mating with the L- 
shaped retaining member 230c of the split ring collar 230. one or more conventional 
drag block elements 235c. and a J-shaped slot 235d including a retaining slot 235da 
for receiving the second lug 215f of the tubular support member 21 5. In an exemplary 

30 embodiment, the tongitudlnal axis of the J-shaped slot 235d of the drag btock assembly 
235 is substantially parallel to the longitudinal axis of the tubular support member 215 
ioT reasons to be described. 

A first conventional packer cup assembly 240 that defines a passage 240a for 
receiving the tubular support member 215 Includes a first end 240b that mates with the 

35 second flange 215e of the tubular support member, a conventional sealing cup 240c, 
and a second end 240d. A tubular spacer 245 that defines a passage 245a for 
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receiving the tubular support memt>er 215 includes a first end 245b that mates with the 
second end 240c of the first packer cup assembly 240 and a second end 245c. A 
secorxl conventional packer cup assembly 250 that defines a passage 250a for 
receiving the tubular support member 215 includes a first end 250b that mates with the 
5 second end 245c of the spacer 245, a conventional sealing cup 250c, and a second 
end 250d that mates with the first flange 21 5d of the tubular support member. 

As illustrated in Figs. 1, la-Id. and 11, a drag block assembly 255 that defines a 
passage 255a for receiving the tubular support member 215 is provided that includes a 
first end that includes sealing members, 255b and 255c, one or more conventional drag 

10 bk)ck elements 255d, and a J-shaped slot 255e including a retaining slot 255ea for 
receiving the first lug 215b of the tubular support member 215. In an exemplary 
embodiment, the longitudinal axis of the J-shaped slot 255e of the drag block assembly 
255 is substantially parallel to the Imgitudinal axis of the tubular support member 215 
for reasons to be described. 

15 In an exemplary embodiment, during operation of the apparatus 200, as 

Illustrated in Figs. 1 and la-lm, the apparatus may be positioned In the wellbore 115, 
within the tubular member 120. with the first and second lugs, 215b and 215f. 
respectively, positioned within the retaining slots. 255ea and 235da, respecttveiy. of the 
J-stots, 255e and 235da, respecUvely. of the drag block assembly 255 and 235, 

20 respectively. In this manner, the drag block assembly 235 Is maintained in a 

sutetantially stationary positton relative to the tubular support member 215 thereby 
preventing the expansion cone segments 225 from being displaced downwardly in the 
longitudinal direction relative to the tubular support member 215 towards the end stop 
220. Furthennore, in this manner, the drag block assembly 255 Is also maintained in a 

25 substantially stationary positk^n relative to the tubular support member 21 5 thereby 
preventing the drag block assembly from sealing off the radial passage 215c. In an 
exen^lary embodiment, during the placement of the apparatus 200 within the wellbore 
115 and the tubular member 120, the radial passage 215c permits fluidic materials 
outside of the tubular support member 215 to pass into the passage 215a thereby 

30 minimizing overpressure conditions within the annulus outsMe of the tubular support 
memt>er. 

In an exemplary embodiment the apparatus 200 Is positioned within the 
expandable tubular member 120 such that the expansion cone body 215g, the end 
stop 220, and the expansion oone segments 225 extend out of the expandable tubular 
35 member, in this manner, the expanston oone segments 225 may be driven up the 
tapered hexagonal portion 215gb of the expar^ton cone body 21 5g, thereby Increasing 
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the outside diameters of the expansion cone segnnents. without impactii^ the 
expandal>le tubular memt>er 120. 

The tubular support mennber 215 may then be rotated relative to the drag btodc 
assemblies, 235 and 255. thereby displacing the lugs. 215f and 215b. with respect to 
the J-shaped slots, 235d and 255e. respectively. The tubular support member 215 
may then be displaced upwardly relative to the drag block assemblies. 235 and 255. in 
the longitudinal direction thereby displacing the drag block assembfies downwardly 
relative to the tubular support niember. During the longitudinal upward displacement of 
the tubular support member 215 relative to the drag block assemblies, 235 and 255. 
the drag block assemblies, 235 and 255. are maintained in a substantially stationary 
position with respect to the expandable tubular member 1 20 by the f rictiorral forora 
exerted by the drag blocks. 235c and 255d, of the drag block assemblies on the 
expandable tubular member, and during the upward tongltudlnal displacement of the 
tubular support member 215 relative to the drag block assemblies, the lugs, 21 Stand 
215b, aie gukied in a substantially longitudinal directton by the J-slots, 235d and 255e, 
respectively, of the drag block assemblies. 

The downward tongltudbuii displacement of the drag tikxM assembly 235 
relative to the tubular support nnember 215 displaces the split ring collar 230 
dovwwiwdly along v>rith the expansion cone segments 225. As a result, the expansion 
cone segments 225 are driven up the tapered hexagonal portion 215gb of the 
expansion cone support body 21 5g untfl the end faces of the expansion oone segments 
impact the stop member 220. As a result, the outside diameter of the expansion oone 
segments 225 Increases. In an exemplary embodiment, once the expanston cone 
segnnents 225 impact the stop member 220. the outer surfaces. 225bb and 225bc, of 
the expansion cone segments provide a substantially continuous outer surface in the 
drcumferential direction having a diameter that is greater than the inside diameter of 
the expandable tubular member 120. The downward longitudinal displacement of the 
drag block assend)ly 255 relative to the tubular support member 215 seals off the radial 
passage 215c thereby preventing the pressurized fluidic material 275 from entering the 
annulus surrounding the tubular support member 215 through the radial passage. 

In an exemplary embodiment, as illustrated in Figs. 2 and 2a-2f, the expandable 
tubular member 120 may then be radially expanded uslr^ the apparatus 200 by 
injecting a fluMic material 275 into the apparatus through the passages 205a. 210a. 
and 215a. The injection of the fluhlic material 275 may pressurize the interior 120a of 
the expandable tubular member 120. In addRkm. because the packer cup assemblies. 
240 and 250, seal off an annular region 120aa bekiw the packer cup assemblies 
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between the expandat)ie tubular member 120 and the tubular support member 215, the 
injection of the flufdic nrtaterial 275 may also pressurize the annular region. 

The continued injection of the fluidic material 275 may then pressurize the 
interior 120a of the expandable tubular member 120 thereby plastically defonning and 
5 radially expanding the expandable tubular member off of the expansion cone segments 
225. Because the outer surfaces. 225bb and 225bc, of the expansion cone segments 
225 are tapered, the plastic deformation and radial expansion of the expandable 
tubular member 120 proximate the expansion cone segments is facilitated. 
Furthenmore, in an exemplary embodiment, the continued injection of the fluidic 

10 material 275 also pressurizes the annular region 120aa defined between the interior 
surfece of the expandable tubular member 120 and the exterior surface of the tubular 
support member 215 that Is bounded on the upper end by the packer cup assembly 
240 and on the lower end by the expansion cone segments 225. Furthemnore. in an 
exemplary embodiment, the pressurizatlon of the annular region 120aa also radially 

15 expands the surrounding portion of the expandable tubular member 120. In this 
manner, the plastic defomnation and radial expansion of the expandable tubular 
member 120 is enhanced. Furthemwre, during operation of the apparatus 200, the 
packer cup assemblies 240 and 250 prevent the pressurized fluMic material 275 from 
passing above and beyond the packer cup assemblies and thereby define the length of 

20 the pressurized annular regton 120aa. In an exemplary embodiment the 

pressurizatlon of the annular region 120aa decreases the operating pressures required 
for plastic defonmatfon and radial expansfon of the expandable tubular member 120 by 
as much as 50% and also reduces the angle of attack of the tapered external surfaces, 
225bb and 225bc erf the expansion cone segments 225. 

25 The radial expansion of the expandable tubular member 1 20 may then continue 

until the upper end 120b of the expandable tubula*- member Is radially expanded and 
plastically defonfned along with the overiapping portion of the wellbore casing 110. 
Because the expansion cone segments 225 may be adjustable positioned from an 
outsMe diameter less ttian the inside diameter of the expandable tubular member 120 

30 to an outsMe diameter substantially equal to the InsMe diameter of the pre-existing 
casing 1 10. the resulting wellbore casing, including the casing 1 10 and the radially 
expanded tubular member 120, created by the operatton of the apparatus 200 may 
have a single substantialiy constant inside diameter thereby providing a mono-diameter 
welllxire casing. 

35 If the expanston cone segmente 225 become kxfged within the tubular member 

120 during tt^ radbl expansbn process, the tubular support member 21 5 may be 
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displaced downwardly In the longitudinal direction and then rotated relative to the drag 
block assen^blies, 235 and 255. thereby positioning the lugs. 215b and 215f, within the 
retaining slots, 255ea and 235da, respectively, of the J-slots. 255e and 235d. 
respectively. As a result, the expansion cone segments 225 niay be displaced down 
5 the tapered hexagonal portion 21 5gb of the expansion cone support body 21 5g and 
away from the end stop 220 thereby decreasing the external diameter of the expansion 
cone segments. In this manner, the tubular support niember 205. the tubular support 
member 210. the tubular support member 21 5, the end stop 220, the expansion cone 
segments 225. the split ring collar 230. the drag block assembly 235. the pack cup 

1 0 assembly 240. the spacer 245, the packer aip assembly 250. and the drag btock 
assembly 255 may then be removed from the tubular member 120. 

During the radial expansion process, the expansion cone segments 225 may be 
raised out of the expanded portton of the tubular memt>6r 120 by applying an upwarti 
axial force to the tubular support member 215. In a preferred embodiment, during the 

1 5 radial expansion process, the expansion corm segments 225 are raised at 

approximately the same rate as the tubular member 1 20 is expanded in order to keep 
the tubular niember stationary relative to the new welibore section 115. In an 
alternative preferred embodiment, the expansion cone segments 225 are maintained in 
a stationary position during flie radial expansion process thereby allowing the tubular 

20 member 120 to be radially expanded and plastically deformed off of the expansion 
cone segments 225 and into the new welibore section 115 under ttie force of gravity 
and tiie operating pressure of the interior of ttie tubular niember 120. 

In a preferred embodiment, when the upper end portion of the expandable 
tubular member 120 and ttie lower portion of flie welibore casing 110 that overiap with 

25 one anottw are plastically defonned and radially expanded by the expansion cone 
segments 225, the expansion cone segments 225 are displaced out of the weHbore 
100 by botti ttie operating pressure wittiin ttie interior of the tubular member 120 and a 
upwardly directed axial force applied to ttie tubular support member 205. 

In a prefened embodiment, the operating pressure and flow rate of fluidic 

30 material 275 is controllably ramped down when the expansion cone segments 225 
reach ttie upper end portion of ttie expandable tubular member 120. In ttiis manner, 
ttie sudden release of pressure caused by ttie complete radial expansk>n and plastic 
defomiation of ttie expandable tubular member 120 off of the expansion cone 
segments 225 can be minimized. In a prefened embodinnent, the operating pressure is 

35 reduced in a substantially linear fashton from 100% to about 10% during ttie end of the 
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extrusbn process beginning when the expan^n cone segments 225 are within about 
5 feet from completion of the extrusion process. 

Alternatively, or in combination, the wall thickness of the upper end portion of 
the expandable tubular member 120 is tapered in order to gradually reduce the 
5 required operating pressure for plastically deforming and radially expanding the upper 
end portion of the tubular member. In this manr>er, shock loading of the apparatus is at 
least reduced. 

Alternatively, or in combination, a shock absort>er is provided in the tubular 
support member 205 in order to ateorb the shock caused by the sudden release of 
1 0 pressure. The shock absorber may comprise, for example, any conventional 

Gommercially available shock absorber, bumper sub, or jars adapted for use in wellbore 
bperattons. 

Alternatively, or in combination, an expansion cone catching structure is 
provided in the upper erid portk)n of the expandable tubular member 120 in order to 

1 5 catch or at least decelerate the expansion cone segments 225. 

Aitematlvely, or In combination, during the radial expansion process, an upward 
axial force is applied to the tubular support member 215 sufficient to plastically defonn 
and radially expand the tubular member 120 off of the external surfaces, 225bb and 
225bc. of the expansion cone segments 225. 

20 Alternatively, or in combination, in order to fedlrtate the pressurization of the 

interior 120a of the expandable tubular member by the injection of the flukiic materials 
275» the region within the wellbore sectiori 1 15 below the apparatus 200 may be 
fluidtcly sealed off in a convention manner using, for example, a packer. 

Once the radial expansion process is completed, the tubular support member 

25 205, the tubular support member 210, ttie tubular support member 215. the end stop 
220, the expansten cone segments 225. the split ring collar 230. the drag bkx;k 
assembly 235, the pack cup assembly 240. the spacer 245, the packer cup assembly 
250, and the drag block assembly 255 are removed from the wellbore 100. 

In an aitennative embodiment, as illustrated in Figs. 2h and 2i, the J-stots, 235d 

30 and 255e, include one or more intemnediate retaining stots, 235db and 255eb, 

respectiveiy. that permit the relative longitudinal displacement of the tubular support 
member 215 relative to the drag block assemblies, 235 and 255. to be set at one or 
more inteonedlate stop positk>ns. In this manner, the expansion segments 225 may be 
positkmed at one or more intermediate posittons on the tapered hexagonal portton 

35 215gb of the expansion cone support body 21 5g thereby permitting the external 
diameter of the expanston cone segments 225 to be adjusted to one or more 
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intermediate sizes. In this manner, the radial expar^ion and plastic deformation of the 
expandable tubular member 120 be provided in different operation stages, each having 
a different expansion diameter. Furthemiore, if the expansion cone segments 225 
become lodged within the expandable tubular member 120, then the position of the 
5 expareion cone segments may be adjusted to provide a smaller outside diameter and 
the radial expansion process may be continued by injecting the fluidic material 275 
and/or applying an upward axial force to the tubular support member 215. 

Referring to Figs. 3 and 3a-3j, an alternative embodiment of an apparatus 300 
for forming a weilbore casing In a subten^nean fomiation will now be described. The 

10 apparatus 300 includes a tubular support member 305 defining an internal passage 
305a that is coupled to an end of a tubular coupling 310 defining an internal passage 
310a. The other end of the tubular coupling 31 0 is coupled to an end of a tubular 
support member 31 5 defining an intemal passage 315a that Includes a first flange 315b 
having oppositely tapered end-wails, 315ba and 315bb, a seccmd flange 315c, a radial 

15 passage 315d, a third flange 315e, a fourth flange 315f, a fifth flange 315g having 
oppositely tapered end-walls, 315ga and 315gb, a fifth flange 315h, and an expansion 
cone support body 3151. The other end of the tubular suppwt member 315 Is coupled 
to a tubular end stop 320 that defines a passage 320a. 

As illustrated In Figs. 3d and 3e, the expansion cone support body 31 5i includes 

20 a first end 315ia, a tapered hexagonal portton 315ib that includes a plurality of T- 
shaped slots 315lba provided on each of the external faceted surfaces of the tapered 
hexagonal portion, and a second end 315ic. In an exemplary embodiment, the angle of 
attack of the tapered hexagonal portion 315ib ranges from about 35 to 50 degrees for 
reasons to be described. 

25 As illustrated in Figs. 3. 3a-3c. and 3f-3h, a plurality of expansion cone 

segments 325 are provided that include first ends 325a that include T-shaped retaining 
members 325aa and second ends 325b that include T-shaped retaining members 
325ba that mate vwth and are received within con^sponding T-shaped slots 315iba on 
the tapered hexagonal portion 315ib of the expansion cone support body 3151. first 

30 extemal surfoces 325bb, second external surfaces 325bc, and third extemal surfaces 
325bd. Thus, in an exemplary embodimerrt, a total of sbc expansion cone segments 
325 are provided that are slldably coupled to corresponding sides of the tapered 
hexagonal portion 31 Sib of the expansion cone support body 315i. 

In an exemplary embo(fiment, the widths of the first external surfaces 325bb of 

35 the expansion cone segments 325 increase In the direction of the second extemal 
surfaces 325bc the widths of the second external suifaoBS are substantially constant. 
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and the widths of the third external surfaces 325bd decrease In the directton of the first 
ends 325a of the expansion cone segments for reasons to be described. In an 
exemplary embodiment, the first external surfaces 325bb of the expansion cone 
segments 325 taper upwardly in the directlcm of the second external surfaces 325bc, 
5 the second external surfaces taper upwardly In the direction of the third external 
surfaces 325bd. and the third external surfaces 325bd taper downwardly in the 
direction of the first ends 325a of the expansion cone segments for reasons to be 
described. In an exemplary embodiment the angle of attack of the taper of the first 
external surfaces 325bb of the expansion cone segmente 325 are greater than the 

10 angle of attack of the taper of the second external surfaces 325bc. In an exemplary 
embodiment, the first and second external surfaces. 325bb and 325bc, of the 
expanston cone segments 325 are arcuate such that when the expansion cone 
segments 325 are displaced in the direction of the end stop 320, the first and second 
external surfaces of the expansion cone segments provkle a substantially continuous 

15 outer drcunnferential surface for reasons to be described. 

As illustrated In Fig. 31, in an exemplary embodiment, the external surfaces. 
325bb. 325bc and 325bd. of the second ends 329) of the expar^ion cone segments 
325 are adapted to mate with one another in order to interlock adjacent expanston 
cone segments. 

20 A split ring colfar 330 that defines a passage 330a for receiving the tubular 

support member 315 is provided that includes a first end that includes plurality of T- 
shaped slots 330b for receiving and mating with comesponding T-shaped retaining 
members 325aa of the expansion cone segments 325 and a second end that includes 
an L*shaped retaining member 330c. In an exemplary embodiment, the split ring collar 

25 330 is a conventional split ring collar commercially available from Halliburton Energy 
Sendees modified in accordance with the teachings of the present disctosure. 

A collet assembly 335 is provided that includes a support rwig 335a that defines 
a passage 335aa for receiving the tubular support member 315 and is coupled to an 
end of a resilient collet 335b having upper and lower sets of oppositely tapered 

30 shoulders. 335ba and 335bb. and. 335bc and 335bd. respediveiy, that is positioned 
proximate the fourth flange 31 5g of the tubufar support menriber 31 5. The other end of 
the collet 335b is coupled to an end of a tubufar sleeve 335c that defines a passage 
33508. The other end of the tubufar steeve 335c is ooupted to an end of a pin 335d. 
The other end of the pin 335d is coupled to a ring 335e that defines a passage 335ea 

35 for receiving the fifth flange 315h of the tubufar support member 315. An end of a 
tubular coupling sleeve 335f that defines a passage 335fa for receiving the tubufar 
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support member 315 is received within the opening 335ca of the tubular sleeve 335c 
that includes a rec^s 335fb for receiving the fifth flange 31 5h of the tubular support 
member 31 5 and the ring 335e, and a radial passage 335fc for receiving the pin 335d. 
Another end of the tubular coupling sleeve 335f Includes a passage 335fd for receiving 
5 the tubular support member 315 and a slot 335fe for receiving the L-shaped retaining 
member 330c of the split ring collar 330. A ring 335g that defines a passage 335ga for 
receiving the tubular support member 315, a spring 335h. and a ring 335i that defines a 
passage 335ia for receiving the tubular support member 315 are also received within 
the recess 335fb. The ring 335g is positional proximate one end of the recess 335fb. 
10 the ring 335i is positioned proximate the fifth flange 315h of the tubular support 
member 315 within the other end of the recess, and the spring 33Sh is positioned 
between the rings. 

A first conventional packer cup assembly 340 that defines a passage 340a for 
receiving the tubular support member 315 Includes a first end 340b that nnates with the 

1 5 fourth flange 315f of the tubular support member, a conventional sealing cup 340c, and 
a second end 340d. A tubular spacer 345 that defines a passage 345a for receiving 
the tubular support member 315 includes a first end 345b that mates with the second 
end 340d of the first padcer cup assembly 340 and a second end 345c. A second 
conventional packer cup assembly 350 that defbies a passage 350a for receiving the 

20 tubular support member 315 includes a first end 350b that mates with the second end 
345c of the spacer 345, a conventional seaDng cup 350c, and a second end 350d that 
mates with the third flange 315e of the tubular support member. 

A collet assembly 355 is provided that includes a support ring 355a that defines a 
passage 355aa for receiving the tubular support member 315 and is coupled to an end 

25 of a resilient collet 355b having upper and tower sets of oppositely tapered shouMers, 
355ba and 355bb, and. 355bc and 355bd, respectively, that is positioned proximate the 
first flange 315b of the tubular support member 315. The other end of the collet 355b 
is coupled to an end of a tubular sleeve 35Sc that defines a passage 355ca. The c^er 
end of the tubular sleeve 355c is coupled to an end of a pin 355d. The other end of the 

30 pin 355d is coupled to a ring 355e that defines a passage 355ea for receiving the 
second flange 315c of the tubular support member 315. An end of a tubular sleeve 
355f that deflnes a passage 355fa for receiving the tubular supfXMt member 315 Is 
received within the opening 355ca of the tubular sleeve 355c that includes a recess 
355fb for receiving the second flange 315c of the tubular support member 31 5 and the 

35 ring 355e, and a radial passage 355fc for receiving the pin 355d. Another end of the 
tubular sleeve 35^ includes a passage 355fd for receiving the tubular support member 
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315. a recess 355fe for receiving an end of the tubular sleeve 355c, and sealing 
memlwrs 355ff. A ring 355g that defines a passage 355ga for receiving the tubular 
support member 315 and a spring 355h are also received within the recess 355fb. An 
end of the ring 355g is positioned proximate the second flange 315c of the tubular 
5 support member 315 within an end of the recess 355fb and the other end of the ring is 
positioned an end of the spring 355h. The other end of the spring 355h is positioned 
proximate the other end of the recess 355fb. 

In an exemplary embodiment, during operation of the apparatus 300, as 
Illustrated in Figs. 3 and 3a-3j, the apparatus may be initially positioned in the wellbore 

10 100, within the casing 1 10. with the collet assemblies 335 and 355 positioned in a 
neutral position In which the radial passage 31 5d of the tubular support member 315 is 
not covered by the tubular sleeve 355f and the expansion oc^ segments 325 are not 
driven up the tapered hexagonal portion 31 Sib of the expansion cone support body 
3151 of the tubular support nnember .31 5 into contact with the stop member 320. In this 

1 5 manner, fiuidic materials within the interior 31 5a of the tubular support member 31 5 
may pass through the radial passage 31 5d into the annulus between the apparatus 300 
and the casing 1 10 thereby pri»venting over pressurization of the annulus. 
Furthemnore, in this manner, the outside diameter of the expansion cone segments 325 
is less than or equal to the outside diameter of the stop member 320 thereby penmitting 

20 the apparatus 300 to be displaced within the casing 110. 

As illustrated in Figs. 4. and 4a-4d, the apparatus 300 may then be positioned 
in the tubular member 120. During the insertion of the apparatus into the tubular 
member 120, the upper end 1 20b of the tubular member may impact the tapered 
shoulders, 335bb and 355bb, of the collets, 335b and 355b, respectively, thereby 

25 driving the collets badcward until the tapered shoulders, 335bd and 355bd, of the 

collets are positioned prowmate the tapered shoulders. 315ga and 315ba, respectively, 
of the tubular support member As a result, the supfwrt rings, 335a and 355a, the 
collets, 335b and 355b, the tubular sleeves. 335c and 355c, the pins, 335d and 355d. 
the rings, 335e and 355e, and the rings, 335g and 355g, of the collet assemblies. 335 

30 and 355, respectlvBly. are driven backward, compressing the springs, 335h and 355h, 
thereby applying axial biasing forces to the tubular coupling sleeve 335f and the tubular 
sleeve 355f, respectively. In this mann^, an a)dal biasing force is applied to the split 
ring coliar 330 and the expansion cone segments 325 that prevents the expansion 
cone segments from being driven up the tapered hexagonal portton 31 Sib of the 

35 expansion cone support body 315i of the tubular support member 315 into contact with 
the stop member 320. Thus, the outside diameter of the expansion cone segments 
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325 is maintained in a position that is less than the inside diameter of the tubular 
member 120 thereby pemnitting the apparatus 300 to be displaced within the tubular 
member. Furthermore, in this manner, an axial biasing force is applied to the tubular 
sleeve 356f thereby preventing the tubular sleeve from covering the radial passage 
5 315d in the tubular support member 315. Thus, fluidic materials within the interior 315a 
of the tubular support member 315 may pass through the radial passage 31 5d into the 
anniAis between the apparatus 300 and the tubular member 120 thereby preventing 
over pressurizaUon of the annulus. 

The apparatus 300 may then be at least partially positioned in the open hole 

10 section 115a of the wellbore section 1 15, beyond the lower end 120c of the tubular 
member 120. In an exemplary endxxiiment, that portion of the apparatus 300 that 
includes the stop member 320. the expansion cone segments 325, the split ring collar 
330, the collet assembly 335, the packer cup assembly 340, the spacer 345, the packer 
cupassejnbly350,andthecolietjassembly355isthen positioned in the open hole 

15 section lisa of the wellbore sectton 115. beyond the tower end 120 of the tubular 
member for reasons to be described. Because the collets, 335b and 355b. are 
resilient, once the apparatus 300 has been po$itk)ned in the open hole section 1 15a of . 
the wellbore section 115, beyond the lower end 1 20c of the tubi^r member 120. the 
tapered shouMers. 335ba and 355ba, of the collets may spring outwardly in the radial 

20 direction. 

The apparatus 300 may then be repositioned at least partially back vwthin the 
tubular member 120. During the re-insertion of the apparatus into the tubular member 
120, tr» lower end 120c of the tubular member may impact the tapered shoulders, 
335ba and 355ba. of the collets. 335b and 355b, respectively, thereby driving the 

25 collets fonfvard until the tapered shouMers, 335bc and 355bc, of the collets are 
positioned prorfmate the tapered shoulders, 315gb and 315bb, respectively, of the 
tubular support member 315. As a result, the support rings, 335a and 355a, the 
collets, 335b and 355b. the tubular sleeves. 335c and 355c. the pins. 335d and 355d. 
the rings. 335e and 355e. the tubular coupRng sleeve 335f . the tubular sleeve 355f . the 

30 rings. 335g arid 355g. and the ring 335i of the collet assemblies. 335 and 355. 
respectively, are driven fonivard, thereby cwnpressing the springs. 335h and 355h. 
thereby sealing off ttie radial passage 315d and driving the expanston cone segments 
325 up the tapered he)agonal portion 315ib of the expanston cone support body 31 5i 
of the tubular support member 31 5 into contact with the stop member 320. 

35 As a result, the outsMe diameter of the expanston cone segments 325 is now 

greater than the inside diameter of expandable tubular nnember 120 thereby pennltUng 
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the apparatus 300 to be used to radially e)q>and and plastically deform the tubular 
member, and fluidic materials within the interior 315a of the tubular support member 
315 may no longer pass through the radial passage 31 5d into the annuius between the 
apparatus 300 and the tubular member thereby permitting the interior of the apparatus 
5 to be pressurized. 

The apparatus 300 may then be operated to radialy expand and plastically 
defomi the tubular member 120 by applying an upward axial force to the tubular 
support merhber 315 and/or by injecting a pressurized fluidic material into the tubular 
support member 

10 In particular, as illustrated in Figs. 5 and 5a-5d, the expandable tubular member 

120 may then be radially expanded using the apparatus 300 by injecting a fluidic 
noaterial 275 jnto the apparatus through the passages 305d, 310a, 315a, and 320a. 
The ir^ecUon of the fluidic material 275 may pressurize the interior 120a of the 
expandable tubular member 120. In addition, because the packer cup assembHes, 340 

1 5 and 350, seal off an annular region 1 20aa below the packer cup assemblies between 
the expandable tubular member 120 and the tubular support member 315, the injection 
of the fluidic material 275 may also pressurize the annular regbn. 

The oontinued ii^ction of the fluidic material 275 may then pressurize the 
interior 120a of the expandable tubular member 120 thereby plastically deforming and 

20 radially expanding the expandable tubular nrramber off of the expanston cone segments 
325. Because the outer surfaces, 325bb and 325bc, of the expanston cone segments 
325 are tapered, the plastic deformation and radial expansion of the expandable 
tubular member 120 proximate the expansion cone segments is facilitated. 
Furthermore, in an exemplary embodiment the owitlnued injectton of the fluidic 

25 material 275 also pressurizes the annular region 120aa defined between the interior 
surface of the expandable tubular member 120 and the exterior surface of the tubular 
support member 315 that is bounded on the upper end by the packer cup assembly 
340 and on the lower end by Vt\e expansion cone segments 325» Furthermore, in an 
exemplary embodiment the pressurization of the annular regton 120aa also radially 

30 expands at least a portton of the surrounding portion of the expandable tubular member 
120. in this nnanner, the plastic defbmnatton and rsKlial expanston of the expandable 
tubular memt>er 120 Is enhanced. Furthermore, during operation of the apparatus 300, 
the packer cup assemblies 340 and 350 prevent the prwsurized fluidic material 275 
firom passing above ar>d beyond the packer cup Ksemblies and thereby define the 

35 length (rf the pressurized annular regton 120aa In an exemplary embodiment the 
pressurizatton of the annular regk>n 120aa decreases the operating pressures required 
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for plastic deformation and radial expansion of the expandable tubular member 120 by 
as much as 50% and also reduces the angle of attack of the tapered external surfaces, 
325bb and 325bc, of the expansion cone segments 325. 

The radial expansion of the expandable tubular member 120 may then continue 
5 until the upper end 120b of the expandable tubular member Is radially expanded and 
plastically defonned along with the overlapping portion of the wellbore casing 1 1 0. 
Because the expansion cone segments 325 may be adjustable positioned from an 
outside dianieter less than the inside diameter of the expandable tubular member 120 
to an outside diameter substantially equal to the inside diameter of the pre-existing 
10 casing 1 10. the resulting wellbore casing, including the casing 1 10 and the radially 
expanded tubular member 120, created by the operation of the apparatus 300 may 
have a single substantially constant Inside diameter thereby providing a mono-diameter 
wellbore casing. 

During the radial expansion process, the expansion cone segments 325 may be 

15 raised out of the expanded portion of the tubular member 120 by applying an upward 
axial force to the tubular support member 315. In a preferred embodiment, during the 
radial expansion process, the expansion cone segments 325 are raised at 
approximately the same rate as the tubular member 120 is expanded in order to keep 
the tubular member stattonary relative to the new wellbore sectton 1 15. 

20 In a prefen-ed embodiment, when the upper end portion of the expandable 

tubular meml>er 120 and the lower portion of the wellbore casing 1 1 0 that overlap with 
one another are plastically defomied and radially expanded by the expansion cone 
segments 325, the expanston cone segments are displaced out of the v^llbore 100 by 
both the operating pressure within the interior of the tubular member 120 and a 

25 upwardly directed axial force applied to the tubular support member 305. 

In a prefenred embodiment, the operating pressure and flow rate of the fluidic 
material 275 is oontrollably ramped down when the expanston cone segments 325 
reach tlie upper end portk>n of the expandable tubular member 120. In this manner, 
the sudden release of pressure caused by the complete radial expansion and plastic 

30 deformation of the expandable tubular mennber 1 20 off of the expanston cone 

segments 325 can be minimized. In a preferred embodiment, the operating pressure is 
reduced in a substantially linear fashion from 100% to about 10% during the end of the 
extniston process beginning when the expansion cone segments 325 are witMn about 
5 feet from completion of the extruston process. 

35 Alternatively, or in connbination, the wall thickness of the upper end portton of 

the expandable tubular member 120 is tapered in order to gradually reduce the 
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required operating pressure for plastically deforming and radially expanding the upper 
end portion of the tubular member. In this manner, shock loading of the apparatus Is at 
least reduced. 

Aitematively. or in combination, a shock absorber is provkled in the tubular 
5 support nrvember 305 in order to absorb the shock caused by the sudden release of 
pressure. The shock absorber may comprise, for example, any conventional 
commercially available shock absort)er, bumper sub, or Jars adapted for use in wellbore 
operattons. 

AHemativety, or In combination, an expansion cone catching structure is 

1 0 provided in the upper end portion of the expandable tubular member 1 20 in order to 
catch or at least decelerate the expansion cone segments 325. 

Altematlvely, or in oomblnatton, during the radial expansion process, an upward 
axial force is applied to the tubular support member 315 sufficient to plastically deform 
and radially expand the tubular member 120 off of the extemal surfeioes. 225bb and 

1 5 225bc, cS the expansion cone segments 325. 

Aitematively, or in combination, in order to facilitate the pressurizatton of the 
interior 120a of the expandable tubular member by the injection of the fluMio materials 
275, the region within the wellbore section 115 bebw the apparatus 300 may be 
fluMidy sealed off in a convention manner using, for example, a packer. 

20 Once the radial expansion process is completed, the tubular support member 

305, the tubular support member 310, the tubular support member 31 5, the end stop 
320, the expansion cone segnrmnts 325, the split ring collar 330, the collet assembly 
335, the packer cup assembly 340. the spacer 345, the packer cup assembly 350, and 
the collet asseitibty 355 are removed from the wellbores 100 and 115. 

25 Referring to Figs. 6 and 6a-6k. an alternative embodiment of an apparatus 400 

for forming a wellbore casing In a subterranean fomr^atfon will now be described. The 
apparatus 400 indudes a tubular support member 405 defining an intemal passage 
405a that is coupled to an end of a tubular coupling 410 defining an intemal passage 
410a. The other end of the tubular coupling 410 is coupled to an end of a tubular 

30 support member 41 5 defining an intemal passage 41 5a that includes a first flange 
415b, a first radial passage 415c, a second radial passage 415d, a second flar^e 
415e, a stepped flange 415f, a third flange 415g, a fourth flange 415h, a fifth flange 
41 51, and an expansion cone body 41 5j. The (rther end of the tubular support meml>er 
415 is coupled to a tubular end stop 420 that defines a passage 420a. 

35 As illustrated In Figs. 6e and 0f, the expanston cone support body 41 5j includes 

a first end 415ia, a tapered hexa^nal portion 415Jb that Inductes a phjrality of T- 
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shaped slots 41 5jba provided on each of the external faceted surfaces of the tapered 
hexagonal portion, and a second end 415jc. In an exemplary embodinient. the angle of 
attack of the tapered hexagonal portion 415jb ranges from at)out 35 to 50 degrees for 
reasons to be described. 
5 As illustrated in Rgs. 6, 6a-6d. and 6g-6i, a plurality of expansion cone 

segments 425 are provided that include first ends 425a that include T-shaped retaining 
members 425aa and second ends 425b that include T-shaped retaining members 
425ba that mate with and are received within corresponding T-shaped slots 415jba on 
the tapered hexagonal portion 415jb of the expansion cone support body 41 5j. first 

10 extemal surfaces 42Sbb, second external surfaces 425bc. and third extemal surfaces 
425bd. Thus, in an exemplary embodiment, a total of six expansion cone segments 
425 are provided that are slidably coupled to conresponding sides of the tapered 
hexagonal portion 415jb of the expansion cone support body 41 5j. 

In an exemplary embodiment, the widths of the first extemal surfaces 425bb of 

15 the expansion cone segments 425 increase in the direction of the second external 
surfaces 425bc, the widths of the second extemal surfaces are substantially constant, 
and the widths of the third extemal surfaces 425bd decrease in the direction of the first 
ends 425a of the expansion cone segments for reasons to be described, in an 
exemplary embodiment, the first extemal surfaces 425bb of the expansion cone 

20 segments 425 taper upwardly in the direction of the second extemal surfaces 425bc, 
the second extemal surfaces taper upwardly in the direction of the third extemal 
surfaces 42Sbd, and the third extemal surfaces 425bd taper downwardly in the 
direction of the first ends 425a of the expansion cone segments for reasons to be 
described. In an exemplary embodiment, the angle of attack of the taper of the first 

25 extemal surfaces 425bb of the expansion cone segments 425 are greater than the 
angle of attack of the taper of the second extemal surfaces 425bc. In an exemplary 
embodiment, the first and second external surfaces, 425bb and 425bc, of the 
expansion cone segments 425 are arcuate such that when the expansion cone 
segments 425 are displaced in the direction of the end stop 420, the first and second 

30 external surfaces of the expansion cone segments provide a substantially continuous 
outer drcumfmntial surface for reasons to be described. 

As illustrated in Fig. 6J, in an exemplary embodiment, the extemal surfaces, 
425bb, 425bc and 425bd, of the second ends 425b of the expansion cone segments 
425 are adapted to mate with one mother in order to interlock adjacent expansion 

35 cone segments. 
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A split ring collar 430 that defines a passage 430a for receiving the tubular 
support nnember 415 is provided that includes a first ^d that includes plurality of T- 
shaped slots 430b for receiving and mating with coresponding T-shaped retaming 
members 425aa of the expansion cone segments 425 and a second end that includes 

5 an L-shaped retaining member 430c. In an exemplary embodinftent, the split ring collar 
430 is a conventional split ring collar comnnerdally available from Halliburton Energy 
Services modified in accordance with the teachings of the present disclosure. 

A dog assembly 435 is provided that includes a tubular sleeve 435a that defines 
a passage 435aa for receiving the tubular support member 415 that includes a first end 

10 that includes a slot 435ab for receiving and mating with the L-shaped retaining member 
430c of the split ring collar 430, a radial passage 435dc, and a recess 435ad for 
receiving the fifth flange 415a of the tubular support member 415. A second end of the 
tubular sleeve 435a includes a flange 435ae that mates with the fourth flange 415h of 
the tubular support member 41 5. A retaining ring 43Sb that defines a passage 43Sba 

15 for receiving the fifth flange 41 51 is received within the recess 435ad of the tubular 
sleeve 435a and is coupled to an end of a load transfer pin 435a The opposite end of 
the load transfer pin 435c is received within the radial passage 435ac of the tubular 
sleeve 435a and is coupled to an end of a tubular sleeve 435d that includes a recess 
435da at a first end for receiving the tubular sleeve 435a, and a radial opening 435dc 

20 for receiving a conventional resilient dog 435e. A spring 435f and a ring 435g that 
defines a passage 435ga for receiving the tubular support member 415 are received 
within the recess 435ad of the tubular sleeve 435a between a first end of the recess 
and ihe fifth flange 4151 of the tubular support member. 

A first conventional padcer cup assembly 440 that defines a passage 440a for 

25 receiving the tubular support member 415 indud^ a first end 440b that mates with the 
fourth fidhga 41 5g of the tubular support member, a conventional sealing cup 440c. 
and a second erxJ 440d. A tubular spacer 445 that defines a passage 445a for 
receivbig the tubular support member 415 indudes a first end 445b that mates with the 
second end 440d of the first packer cup assembly 440 and a second end 445c. A 

30 second conventional padcer cup assmnbly 450 that d^nes a passage 450a for 

receiving the tubular support member 415 indudes a first end 4S0b that mates with the 
second end 44Sc of the spacer 445, a conventional sealing cup 450c, and a second 
end 450d that mates with the stepped flange 41 Sf of the tubular support member. 
A dog assembly 455 is provided that indudes a tubular sleeve 45Sd that defir>es 

35 a passage 455aa for receiving the tubular support memlser 41 5. A first erki of the 
tubular sleeve 455a indudes a radial opening 455ab for receiving a conventional 
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resilient dog 455b. A second end of the tubular sleeve 455a includes a recess 455ac 
and is coupled to an end of a load transfer pin 455c. The opposite end of the load 
transfer pin 455c is coupled to a retaining ring 455d that defines a passage 455da for 
receiving the tubular support member 415. A tubular sleeve 455e is received within the 
5 recess 455ac of the tubular sleeve 455a that defines a passage 455ea for receiving the 
tubular support member 41 5 and includes a first end that includes a radial passage 
455eb for receiving the load transfer pin 455c and a recess 455ec for receiving a spring 
455f. A ring 455g that defines a passage 455ga for receiving the tubular support 
member 415 is further received within Uie recess 4556c of the tubular sleeve 455e 

10 between the spring 455f and the second flange 415e of the tubular support member 
415. A second end of the tubular sleeve 455e includes a radial passage 455ed, 
sealing members, 455ef and 455eg. and a recess 455eh that mates with the first flange 
41 5b of the tubular support member 415. 

in an exemplary embodiment during operation of the apparatus 400, as 

15 illustrated in Figs. 6 and 6a-6k, the apparatus may be initially positioned in the wellbore 
100, within the casing 110, with the dog assemblies 435 and 455 positioned in a 
neutral position in which the radial passage 415d of the tubular support member 415 is 
fluididy coupled to the radial passage 455ed of the dog assembly 455 and the 
expansion cone segments 425 are not driven up the tapered hexagonal portion 415jb 

20 of the expansion cone support body 41 5j of the tut}ular support member 41 5 into 
contact with the stop member 320. In this manner, fluidic materials within the interior 
415a of the tubular support member 415 may pass through the radial passages, 415d 
and 455ed, into the annulus between the apparatus 400 and the casing 110 thereby 
preventing over pressurization of the annulus. Furthermore, in this manner, the outside 

25 diameter of the expansion cone segments 425 is less than or equal to the outside 

diameter of the stop number 420 thereby permitting the apparatus 400 to be displaced 
within the casing 110. 

As illustrated in Figs. 7, and 7a*7c, the apparatus 400 may then be positioned in 
the tubidar member 120. During the insertion of the apparatus into the tubular member 

30 120, the upper end 120b (rf the tubular member may impact the ends of the resaient 
dogs. 43Se and 455b, of the dog assemblies, 435 and 455. respectively, thereby 
driving the resilient dogs. 435e and 455b, backwards off of and adjacent to one side of 
the flanges, 415h and 415f, respectively. As a result of the backward axial 
displacement of the resilient dog 435e, the tubular sleeve 435d, the pin 435c the 

35 retaining ring 435b, and the ring 435g of the dog assembly 435 are driven backward 
thereby compressing the spring 435f and applying an axial biasing force to the tubutar 
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sleeve 435a that prevents the expansion cx>ne segments 425 from be\r\g displaced 
toward the end stop 420. As a result of the backward axial displacement of the resilient 
dog 455b, the tubular sleeve 455a, the pin 45&:, the retaining ring 455d, and the ring 
455g of the dog assembly 455 are driven backward thereby compressing the spring 
5 455f and applying an axial biasing force to the tubular sleeve 455e that prevents the 
radial passages. 41 5d and 455ed from being ftuididy decoupled. 

The apparatus 400 may then be at least partially positioned in the open hole 
sectkKi 1 15a of the wellbore section 1 15, beyond the tower end 120c of the tubular 
member 120. In an exemplary embodiment, that portton of the apparatus 400 that 

10 includes the stop member 420, the expansion cone segments 425, the split ring collar 
430, the dog assembly 435, the packer cup assembly 440. the spacer 445. the packer 
cup assembly 450, and the dog assembly 455 is then positioned in the open hole 
sectkx) 1 1Sa of the wellbore section 115, beyond the lower end 120 of the tubular 
member for reasons to be described. Because the dogs. 435e and 45Sb. of the dog 

15 assemblies. 435 and 455. respectively, are resilient, once the apparatus 400 has been 
positioned in the open hole sectkm 115a of the wellbore section 115. beyond the lovifer 
end 120c of the tubular member 120. the resOient dogs. 435e and 455b. of the dog 
assemblies may spring outwardly in the radial direction. 

The apparatus 400 may then be repositioned at least partially back within the 

20 tubular member 120. During the re-insertion of the apparatus into the tubular member 
120, the tower end 120c of the tubular member may impact the ends of the resilient 
dogs, 435e and 455b. of the dog assemblies, 435 and 455, respectively, thereby 
driving the resilient dogs forward until the resilient dogs are posittoned beyond and 
adjacent to the other side of the Ranges. 415h and 415f. of the tubular support member 

25 415. 

As a result, of the fon^^rd a)Qal displacement of the resilient dog 435e, the 
tubular sleeve 435a. the retaining ring 435b. the pin 435c, the tubular sleeve 435d, the 
spring 435f. and the ring 435g of the dog assembly 435 are displaced in the fonvard 
axial directk>n thereby also displacing the split ring collar 430 and the expansion cone 

30 segments 425 in the fonrard axial direction. As a result, the expansion cone segments 
425 are driven up the tapered hexagonal portion 415jb of the ^(panston cone support 
body 41Sj of the tubular support member 41 5 Into contact with the stop member 320. 

As a result of the fonA^rd axial displacement of the resilient dog 455b, the 
tubular sleeve 455a. the pin 455c the retaining ring 455d. the tubular sleeve 455e. the 

35 spring 455f. and the ring 455g of the dog assemt^ 455 are driven fonward in the axial 
directton thereby fluididy decoupling the radial passages. 41Sd and 455ed. and fluididy 
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coupling the radial passages 41 5c and 415d. As a result fluidic materials within the 
tubular support nnember 415 may not pass into the annulus between the tubular 
support member and the tubular member 120. 

As a result of the fonvard axial displacenr^ent of Vhe resilient dog 435e, the 
5 outside diameter of the expansion cone segments 425 is now greater than the inside 
diameter of expandable tubular member 120 thereby pennitting the apparatus 400 to 
be used to radially expand and plastically defonn the tubular member, and fluidic 
materials within the interior 415a of the tubular support nr^ember 415 may no longer 
pass through the radial passages. 41 5d and 455ed, into the annulus t>etween the 
10 apparatus 400 and the tubular member thereby permitting the interior of the apparatus 
to be pressurized. 

The apparatus 400 may then be operated to radially eyfpani and plastically 
deform the tubular member 120 by applying an upward axial force to the tubular 
support member 415 and/or by injecting a pressurized fluidic material into the tubular 

15 support member. 

In particular, as Illustrated in Rgs. 8 and 8a-8d. the expandable tubular member 
120 may then be radially expanded using the apparatus 400 by injecting a fluidic 
material 275 into the apparatus through the passages 405a, 310a. 415a, and 420a. 
The injection of the fluidic material 275 may pressurize the interior 120a of the 

20 expandable tubular member 120. In addition, because the packer cup assemblies, 440 
and 450. seal off an annular region 120aa below the packer cup assemblies between 
the expandable tubular member 120 and the tubular support member 415. the injection 
of the fluidic material 275 may also pressurize the annular region. 

The continued injection of the fluidic material 275 may then pressurize the 

25 interior 1 20a of the expandable tubular member 120 thereby plastically deforming and 
radially expanding the expandable tubular member off of the expansion cor^e segments 
425. Because the outer surfaces. 425bb and 425bc, of the expansion cone segments 
425 are tapered, the plastic deformation and radial expansk)n of the expandable 
tubular member 1 20 proximate the expanston cone segments is fedlitated. . 

30 Furthermore, in an exemplary embodiment, the continued ir^ection of the fluidic 

material 275 also pressurizes the annular regies 120aa defined between the interior 
surface of the expandable tubular member 120 and the exterior surface of the tubular 
support member 415 that is bounded on the upper end by the packer cup assembly 
440 and on the lower end by the expansion cone segments 425. Furthenmore. in an 

35 exemplary embodiment, the pressurizattori of the annular region 1 20aa also radially 
expands at least a portion of the surrounding portkxi of the expandable tubular member 
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120. In this manner, the plastic deformation and radial expansion of the expandable 
tubular member 120 is enhanced. Furthermore, during operation of the apparatus 300. 
the packer cup assemblies 440 and 450 prevent the pressurized fluidic material 275 
from passing above and beyond the packer cup assemblies and thereby define the 

5 length of the pressurized annular region 120aa. In an exemplary embodiment, the 
pressurization of the annular region 120aa decreases the operating pressures required 
for plastic defonnation and radial expansion of the expandable tubular member 120 by 
as much as 50% and also reduces the angle of attack of the tapered external surfaces, 
425bb and 425bc of the expansion cone segments 425. 

1 0 The radial expansion of the expandable tubular member 1 20 may then continue 

until the upper end 120b of the expandable tubular member Is radially expanded and 
plastically defomned along with the overlapping portion of the wellbore casing 110. 
Because the expansion cone segments 425 may be adjustably positioned from an 
outskJe diameter less than the inside diameter of the expandable tubular member 120 

15 to an outside diameter substantially equal to the inside diameter of the pre-existing 
casing 1 10. the resulting wellbore casing, Including the casing 110 and the radially 
expanded tubular member 120, created by the openation of the apparatus 400 may 
have a single substantially constant inside diameter thereby providing a mono-diameter 
wellbore casing. 

20 During the radial expansion process, the expanston cone segments 425 may be 

raised out of ttie expanded portion of the tubular member 120 by applying an upward 
axial force to the tubular support member 41 5. In a preferred embodiment, during the 
radial expansion process, the expansion cone segments 425 are raised at 
approximately the same rate as the tubular member 120 is expanded in order to keep 

25 the tubular member stationary relative to the new wellbore section 115. 

in a preferred embodiment, when the upper end portion of the expandable 
tubular member 120 and ttie lower portion of the wellbore casing 110 that overiap witii 
one another are plastically defomned and radially expanded by ttie expanston cone 
segments 425, the expansion cone segments are displaced out of the wellbore 100 by 

30 both the operating pressure within the interior of the tubular memt>6r 120 and a 
upwardly directed axial force applied to ttie tubular support member 405. 

In a prefenred embodiment, ttie openiting pressure and flow rate of ttie fluidic 
material 275 is controllably ramped down when the expansion cone segments 425 
reach the upper end portion of the expandable tubular mmber 1 20. In ttiis manner, 

35 the sudden release of pressure caused by ttie complete radial expemsbn and pbsb'c 
deformation of the expandable tubular member 120 off of ttie expanston oone 
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segments 425 can be minimized. In a preferred embodiment, the operating pressure is 
reduced in a substantially linear fashion from 100% to about 10% during the end of the 
extrusion process beginning when the expansion cone segments 425 are within about 
5 feet from completion of the extrusion process. 
5 Alternatively, or in combination, the wall thickness of the upper end portion of 

the expandable tubular member 120 is tapered in order to gradually reduce the 
required op^Bting pressure for plastically defomnlng and radially expanding the upper 
end portion of the tubular member. In this manner, shock loading of the apparatus is at 
least reduced. 

10 Alternatively, or in combination, a shock absorber is provided in the tubular 

support memb^ 405 In order to absorb the shock caused by the sudden release of 
pressure. The shock absort>er may comprise, for example, any conventional 
commercially available shock absorber, bumper sub, or jars adapted for use in wetlbore 
operatbns. 

15 Alternatively, or in combination, an expansion cone catching structure is 

provided in the upper end portion of the expandable tubular nnember 120 in order to 
catch or at least decelerate the expanston cone segments 425. 

Alternatively, or In combination, during the radial expanston process, an upward 
axial force is applied to the tubular support member 415 sufficient to plastically deform 

20 and radially expand the tubular member 1 20 off of the external surfaces, 225bb arKl 
225bc. of the expansion cone segments 425. 

Altematively, or in combination, in order to facilitate the pressurizatlon of the 
interior 120a of the expandable tubular member by the injection of the fluidic materials 
275. the region within the wellbore section 1 1 5 below the apparatus 400 may be 

25 fluididy sealed off in a convention manner using, for example, a packer. 

Once the radial expansion process is completed, the tubular support member 
405, the tubular support member 410, the tubular support member 415, the end stop 
420, the expansion cone segments 425, the split ring collar 430, the dog assembly 435, 
the packer cup assembly 440, the spacer 445, the packer cup assembly 450, and the 

30 dog assembly 455 are renrK>ved from the weUbores 100 and 115. 

Refemr^ now to Figs. 9, 9a, 1 0 and 1 0a. an embodiment of an adjustable 
expanskin cone assenrtbly 500 wiU be described. The assembly 500 includes a tubular 
support member 505 that defines a passage S05a and includes a flange 505b, an 
expansion cone si4>port flange assembly 505c, and an end stop 505d. The expansion 

35 cone support flange assembly 505c includes a tubular body 505ca and a plurality of 
equally spaced apart expansion cone segment support members 505cb that extend 
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outwardly from the tubular tKXly in the radial direction that eadi include identical bases 
SOScba and extensions 505cbb. The support members 505cb further include first 
sections 505ctK: having arcuate conical outer surfaces and second sections SOScbd 
. having arcuate cylindncal outer surfaces for reasons to be described. 
5 An expansion cone segment assembly 51 0 is provided that indudes a tubular 

support 510a defining a passage SlOaa for receiving the tubular support member 505 
and a slot SlOab. A plurality of spaced apart and substantially identical resiOent 
expansion cone segment collets 510b extend from the tubular support 510a in the axial 
direction that include expansion cone segments 510ba extending therefrom in the axial 

1 0 direction. Each of the expansion cone segments 51 Oba further Include arcuate conical 
expansion surfaces SlObaa for radially expanding an expandable tubular member. 

A split ring collar 515 is provided that defines a passage 515a for receiving the 
tubular support member 505 that includes an L-shaped retaining member 515b at one 
end for mating with the slot 51 Gab of the tubular support 51 Oa of the expansion cone 

1 5 segnnent assennbly 51 0. Another eml of the split Jkrg collar 51 5 includes an L-shaped 
retaining member 515c. A tubular sleeve 520 is provided that defines a passage 520a 
for receiving the tubular support member 505 that includes a slot 520b for receiving the 
L-shaped retaining memt>er 51 5c of the split ring collar 515. 

During operation of the assembly 500, as illustrated in Figs. 9 and 9a. in an 

20 unexpended position, the expansion cone segments 510t>a of the expansion cone 
segnr^nt assembly 510 are positioned adjacent to the base of tiie conical section 
505cbc of the expansion cone segment support members 505cb with the outside 
diameter of the expansion cone segments less than or equal to the maximum outside 
diameter of the assembly. As illustrated in Figs. 10 and lOa, the assembly 500 may 

25 then be expanded by displacing the tubular sleeve 520, the split ring collar 515, and the 
expansion a)ne segment assembly 510 in the axial direction towards the expansion 
cone segment support members 505cb. As a result, the expansion cone segments 
51 Oba are driven up the conical section 505cbc of the expansion cone segment 
support members 505cb and then onto the cylindrical section 505cbd of the expansion 

30 cone segment support members until the expansion cone segnnents impact the end 
stop 505d. In this manner, the outside diameter of the expansion segments 510ba is 
greater than the maximum diameter of the remaining components of the assembly 500. 
Furthermore, the conical outer surfaces 510baa of the expansion cone segments 
51 Oba may now be used to radially expand a tubular member. Note that the 

35 extensions 505cbb of the expansion cone segment support members 50Scb provide 
support in the circumferential direction to the adjacent expansion cone segments 
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51 Oba. In an exemplary embodiment, the outer conical surfaces 51 Obaa of the 
expansion cone segnr^ents 51 Oba in the expanded position of tie assembly 500 provide 
a substantially continuous outer conical surfaces in the circumferential direction. 
The assemt>ly 500 may then be returned to the unexpanded position by 
5 displacing the tubular sleeve 520, the split ring collar 515, and the expansion cone 
segment assembly 510 in the axial direction away from the expansion cone segment 
support members 505cb. As a result the expansion cone segments SlOba are 
displaced off of the cylindrical section 505cbd and the conical section 505cbc of the 
expansion cone segment support rrtembers 505cb. Because the cdlets 510b of the 

1 0 expansion cone segment assembly 510 are resilient, the expansion segments 51 Oba 
are thereby returned to a position in which the outside diameter of the expansion cone 
segments is less than or equal to the maximum diameter of the remaining components 
of the assembly 500. 

In several alternative embodiments, the assembly 500 is incorporated into the 

1 5 assembEes 200, 300 and/or 400. 

Refening now to Figs. 1 1 , 1 la. 12 and 12a, an embodiment of an adjustable 
expansion cone assembly 600 vM be described. The assembly 600 includes a tubular 
support member 605 that defines a passage 605a and includes an expansion cone 
support flange assembly 605b, and an end stop 605c. The expansion cone support 

20 flange assembly 605b includes a tubular body 605ba and a plurality of equally spaced 
apart expansion cone segment substantially identical support members 605bb that 
extend outwardly from the tubular body in the radial direction. The support members 
605bb further include first sections 605bba having arcuate cylindrical outer surfaces, 
second sections 605bbb having arcuate conical outer surfaces, and third sections 

25 605bbc having arcuate cylindrical outer surfaces for reasons to be described. 

An expansion cone segment assembly 610 is provided that includes a tubular 
support 610a defining a passage 610aa for receiving the tubular support member 605 
and a slot 610ab. A plurality of spaced ap^ and substantially identical resilient 
expansion cone segment collets 610b extend from the tubular support 610a in the axial 

30 direction that include expansion cone segments 610ba extending therefrom in the axial 
direction. Each of the expansion cone segments 61 Oba further include arcuate conical 
expansion surfaces 610baa for radially expanding an expandable tubular member. 

A spot ring collar 615 is provided that d^nes a passage 615a for receiving the 
tubular support memt>er 605 that includes an L-shaped relainhg member 615b at one 

35 end for mating with the slot 61 Oab of the tubular support 61 Oa of the expansion cone 
segment assembly 61 0. Another end of the split ring collar 615 includes an L-shaped 
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retaining member 615a A tubular sleeve 620 is provided that defines a passage 620a 
for receiving the tubular support member 605 that includes a slot 620b for receiving the 
L-shaped retaining member 615c of the split ring collar 615. 

During operation of the assembly 600, as illustrated in Figs. 11 and 1 la. in an 
5 unexpanded petition, the expansion cone segments 610ba of the expansion cone 
segment assembly 610 are positioned on the cylindrical section 605bba, adjacent to 
the base of the conical sec^on 605bbb, of the expanston cone segment support 
members 605bb with the outside diameter of the expansion cone segments less than 
or equal to the maximum outside diameter of the assembly. As illustrated in Figs. 12 

10 and 12a, the assembly 600 may then be expanded by displacing the tubular sleeve 
620, the spRt ring collar 615, and the expansion cone segment assembly 610 in the 
axial direction towards the expansion cone segment support members 605bb. As a 
result, the expansion cone segments 610ba are driven up the conical section 605bbb 
of the expansion cone segment support members 605bb and then onto the cylindrical 

1 5 section 605bbc of the expansion cone segment support members until the expansion 
cone segments Impact the end stop 605c. In this manner, the outside diameter of the 
expansion segments 610ba is greater than the maximum diameter of the remaining 
components of the assembly isOO. Furthemnore, the conical outer surfaces SlObaa of 
the expansion cone segments 610ba may now be used to radially expand a tubular 

20 member. In an exemplary embodiment, the outer conical surfaces 610baa of the 

expansion cone segments 610ba in the expanded position of the assembly 600 provide 
a substantially continuous outer conical surfaces in the circumferential direction. 

The assembly 600 may then be returned to the unexpanded position by 
displacing the tubular sleeve 620. the split ring collar 615, and the expansion cone 

25 segment assembly 610 in the axial direction away from the expansion cone segment 
support members 605bb. As a resuH, the expansion cone segments 610ba are 
displaced off of the cylindrical section 605bbc and the conical section 605bbb and back 
onto the cylindrical section 605bba of the expansion cone segment support members 
605bb. Because the collets 610b of the expansion cone segment assembly 610 are 

30 resilient, the expansion segments 61pba are thereby returned to a position In which the 
outside diameter of the expsmion cone segments is less than or equal to the maximum 
diameter of the remaining components of the assembly 600. 

In several alternative embodiments, the assembly 600 is incorporated Into the 
assemblies 200, 300 and/or 400. 

35 Referring now to Figs. 13. 13a, 13b, 13c 14 and 14a, an embodiment of an 

adjustable expansion cone assembly 700 will be described. The assembly 700 
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indudes a tubular support member 705 that defines a passage 705a and includes an 
expansion cone support flange assembly 705b, and an end stop 705c. The expansion 
cone support flange assenribly 705b indudes a tubular body 705ba and a plurality of 
equally spaced apart expansion cone segment substantially identical support members 

5 705bb that exter>d outwardly from the tubular body in the radial direction. The support 
members 705bb further include first sections 705bba having arcuate cylindrical outer 
surfeces, second sections 705bbb having arcuate conical outer surfaces, and third 
secHons 705bbc having arcuate cylindrical outer surfaces for reasons to be described. 
An expansion cone segment assembly 710 is provided that includes a first 

10 tubular support 710a defining a passage 710aa for receiving the tubular support 
member 705 that includes a slot 710ab and a second tubular support 710b defining a 
passage 710ba for receiving the tubular support member 705 that indudes a plurality of 
spaced apart ahd substantially Identical axial slots 710bb. A plurality of spaced apart 
and substantially identical resilient expansion cone segment odiets 710ac extend from 

1 5 the first tubular support 710a in the axial direction and are received within 

corresponding ones of the axteil slots 710bb in the second tubular support 71 Ob that 
indude substantially identical expansion cone segments 710aca extending therefrom in 
the axial direction. A plurality of spaced apart and substantially identical resilient 
expansion cone segment cdlets 710bc extend from the second tubular support 710b in 

20 the axial direction that are interleaved and overlap witti the expansion cone segment 
cdlets 710ac and that indude substantially identical expansion cone segments 710bca 
extending therefrom in the axial direction. Each of the expansion cone segments, 
710aca and 710bca. further indude arcuate conical expansion surfaces, 710acaa and 
710bcda, respectively, for radially expanding an expandable tubular member. A 

25 plurality of pins 71Sa-715d couple the expansion cone segment collets 710ac to the 
second tubular support 710b. 

A split ring collar 720 is provided Oiat defines a passage 720a for receiving the 
tubular support member 705 that indudes an L-staped r^ning member 720b at one 
end for mating with the slot 710ab of the first tubular support 710a of the expansion 

30 cone segment assembly 710. Another end of the split ring cdlar 720 indudes an L- 
shaped retaining member 720& A tubular sleeve 725 is provided that defines a 
passage 72Sa for receiving tiie tubular support member 705 that indudes a slot 725b 
for receiving the L-shaped retaining menriber 720c of the split ring collar 720. 

During operation of the assembly 700, as iHustrated in Figs. 13, 13a, 13b. and 
.35 13c, in an une)4)anded position, the expansion cone segments 710aca of the 
expansion cone segment assembly 710 overlap with and are positioied over the 
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expansion cone segments 710bca of the expansion cone segment assembly, adjacent 
to the base of the conical section 705bbb. of the expansion cone segment support ^ 
members 705bb with the outside diameter of the expansion cone segments less than 
or equal to the maximum outside diameter of the assembly. As illustrated in Figs. 14 _ 
5 and 14a, the assembly 700 may then be expanded by dtepiadng the tubular sleeve 
725, the split ring collar 720, and the expansion cone segment assembly 710 in the 

MM* 

axial direction towards the expansion cone segment support members 705bb. As a 
result, the expansion cone segments, 710aca and 710bca, are driven up the conical 
section 705bbb of the expansion cone segment support members 705bb and then onto 

10 the cylindncal section 705bbc of the expansion cone segment sup(K>rt members until 
the expansion oone segments impact the end stop 705a In this manner, the outside 
diameter of the expansbn segments, 710aca and 710bca, is greater than the 
maximumdianrieterof the renriairiingcornponents of the assembly 700. Furthermore, 
the conical outer sur^ces, 710acaa and 710bcaa, of the expansion cone segments, 

15 71 Oaca and 71 Obca, respectively, may now be used to radiafly expand a tubular ^ 
member In an exemplary embodiment, the outer conical surfeces,710acaa and 
710bcaa, of the expansion cone segnfients, 710aca and 71 Obca, respectively, in the 
expanded position of the assembly 700 provide a substantially continuous outer conical 
surfaces in the circumferential direction. ^ 

20 The assembly 700 may then be returned to the unexpended position by 

displacing the tubular sleeve 720, the split ring collar 715, and the expansion cone ^ 
segment assembly 710 in the axial direction away from the expansion corw segment 
support members 705bb. As a result, the expansion cone segments, 71 Oaca and 
71 Obca. are displaced off of the cylindrical section 705bbc and the conical section 

25 705bbb and bade onto the cylindrical section 705bba of the expansion oone segment 
support members 705bb. Because the collets, 710ac and 71 Obc, of the expansion 
cone segment assembly 710 are resilient, the expansion segments, 71 Oaca and 
710bca, are thereby retumed to a position In which the outside diameter of the 
expansion cone segments is less than or equal to the maximum diameter of the 

30 remaining components of the assembly 700. 

In several altemative embodiments, the assembly 700 is incorporated into the 
assemblies 200, 300 and/or 400. 

Referring to Figs. IS and 15a-15J, an altemative emt)odiment of an apparatus 
800 for forming a wellbore casing in a subterranean formation will now be described. — 

35 The apparatus 800 indudes a tubular support member 805 defining an Internal 

passage 805a that is coupled to an end of a tubular coupling 810 defining an intemal ^ 
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passage 81 Oa. The other end of the tubular coupling 810 is coupled to an end of a 
tubular support memt>er 815 defining an internal passage 815a having a throat 
passage 81 5aa that includes a first radial passage 81 5b, a first flange 81 5c having a 
second radial passage 81 5d, a second flange 81 5e having opposite shoulders, 815ea 
5 and 815eb, a third flange 815t and an expansion cone support body 815g. The other 
end of the tubular support member 815 is coupled to a tubular end stop 820 that 
defines a passage 820a. 

As illustrated In Figs. 15d and 15e, the expansion cone support body 815g 
includes a first end 815ga, a tapered hexagonal portion 815gb that include a plurality 

10 of T-shaped slots 81 5gba provided on each of the external faceted surfaces of the 
tapered hexagonal portion, and a second end 815gc. In an exemplary embodiment, 
the angle of attack of the tapered hexagonal portton 815gb ranges from about 35 to 50 
degrees for reasons to be described. 

As illustrated in Figs. 15, 15a-15c» and 15f-15J, a plurality of expansion cone 

1 5 segments 825 are provided that include first ends 825a that include Trshaped retaining 
members 825aa and second ends 825b that include T-shaped retaining members 
825ba that mate with and are received within corresponding T-shaped slots 815gba on 
the tapered hexagonal portion 81 5gb of the expansion cone support body 815g, first 
external surfaces 825bb, second external surfaces 825bc, and third external surfaces 

20 825bd. Thus, in an exemplary embodiment, a total of six expansion cone segments 
825 are provided that are slidabiy coupled to corresponding sides of the tapered 
hexagonal portion 815gb of the expansion cone support body 81 5g. 

In an exemplary embodiment, the widths of the first external surfaces 825bb of 
the expansion cone segments 825 increase in the direction of the second extemal 

25 surfaces 825bc, the widths of the second external surfaces are substantially constant, 
and the widths of the third extemal surfaces 825bd deoease in the direction of the first 
ends 825a of the expansion cone segments for reasons to be described. In an 
exemplary embodiment, the first extemal surfiaces 825bb of the expansion cone 
segments 825 taper upwardly in the direction of the second extemal surfaces 825bc, 

30 the second extemal surfaces tapier upwardly In the direction of the third extemal 
surfaces 825bd, and the third extemal surfaces 825bd taper downvyardly In the 
direction of the first ends 825a of the expansion cone segments for reasons to be 
described. In an exemplary embodiment, the angle of attack of the taper of the first 
extemal surfaces 825bb of the expansion cone segments 825 are greater than the 

35 angle of attack of the taper of the second extemal surfaces 825bc. In an exemplary 
embodiment, the first and second extemal surfaces, 825bb and 825bc, of the 
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expansion cone segnnents 825 are arcuate such that when the expansion cone 
segnnents 825 are displaced in the direc^on of the end stop 420, the first and second 
external surfaces of the expansion cone segments provide a substantially continuous 
outer drcumferential surface for reasons to be described. 
5 As illustrated in Fig. 15i, in an exemplary embodiment, the external surfaces, 

825bb, 825bc, and 825bd, of the second ends 825b of the expansion cone segments 
825 are adapted to mate with one another in order to intertock adjacent expansion 
cone segments. 

A split ring collar 830 that defines a passage &30a for receiving the tubular 

1 0 support member 81 5 is provided that includes a first end that includes plurality of T- 
shaped slots 830b for receiving and mating with corresponding T-shaped retaining 
members 825aa of the expansion cone s^ments 825 and a second end that includes 
an L-shaped retaining member 830a In an exemplary emtxxliment, the split ring collar 
830 is a conventional split ring collar commercially available from Halliburton Energy 

1 5 Services modified in accordance with the teachings of the present disclosure. 

A dog assembly 835 is provided that includes a tLd>ular sleeve 835a that defines 
a passage 835aa for receiving the tubular support member 815 and Includes a slot 
835ab for receiving and mating with the L-shaped retaining member 830c of the split 
ring collar 830, a counterbore 835ac, and a radial passage 835ad. An end of a load 

20 transfer pin 835b passes through the radial passage 835ad and is coupled to a 

retaining ring 835c that defines a passage 835ca for receiving the flange 81 5f of the 
tubular support member 815 and is received within the counterbore 835ac of the 
tubular sleeve. A ring 835d that defines a passage 835da for receiving the tubular 
support member 815 and a spring 835e are also received within the countertX)rB 835ac 

25 of the tubular sleeve 835a between the flange 81 5f and the end of the counterbore. 
The other end of the load transfer pin 835b is coupled to an end of a tubular sleeve 
835f that includes a counterbore 835fa for receiving the tubular sleeve 835a, a radial 
passage 835fb for receiving a conventional resHlent dog 835g» a countert>ore 835fc for 
receiving and mating with the flange 81 5e of the tubular support member 815, a flange 

30 8%fd, and a flange 835fe including counterbores, 835ff and 835fg. that mate with and 
receive the flange 815c (rf the tubular support member, and a radial passage 835fh. 

A first conventional packer cup assembly 840 that defines a passage 440a for 
receiving the tubular sleeve 835f includes a first end 840b that mates with the flange 
83Sfd of the tubular sleeve 835f. a oonventtonal sealing cup 840c. and a second eiid 

35 640d. A tubular spacer 845 that defines a passage 845a for receiving the tubular 
sleeve 835f includes a first end 845b that mates with the second end 840d of the first 
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packer cup assembly 840 and a second end 845c. A second conventional packer cup 
assembly 850 that define a passage 850d for receiving the tubular sleeve 835f 
includes a first end 850b that mates with the second end 845c of the spacer 845. a 
conventional sealing cup 850c, and a second end 850d that mat^ with the flange 
5 835fe of the tubular sleeve. 

In an exemplary embodiment, during operation of the apparatus 800, as 
illustrated in Figs. 15 and 15a-15j, the apparatus may be initially positioned in the 
wellbore 100, within the casing 1 10, with the dog assembly 835 positioned in a neutral 
position in which the radial passage 81 5d of the tubular support member 815 is fluidicly 

1 0 coupled to the radial passage 835fh of the dog assembly 835 and the expansion cone 
segments 825 are not driven up the tapered hexagonal portion 815gb of the expansion 
cone support body 81 5g of the tubular support member 81 5 into contact with the stop 
nfiember 320. In this manner, fluidic materials within the Interior 815a of the tubular 
support member 815 may pass through the radial passages, 81 5d and 835fh. into the 

1 5 annulus between the apparatus 800 and the casing 1 10 thereby preventing over 

pressurization of the annulus. Furthermore, in this manner, the outsUe diameter of the 
expanston cone segments 825 is less than or equal to the outside diameter of the stop 
number 820 thereby permitUr^ the apparatus 800 to be displaced within the casing 
110. 

20 As illustrated in Figs. 16. and 16a-16c, the apparatus 800 may then be 

positioned in the tubular member 120. During the insertion of the apparatus into the 
tubular member 120. the upper end 120b of the tubular member may impact the end of 
the resilient dog 835g of the dog assembly 835 thereby driving the resilient dog 835g 
backwards onto the shoulder 815ea of the flange 81 5e of the tubular support member 

25 815. As a result of the backward axial displacement of the resilient dog 835g, the 

tubular sleeve 835f, the pin 835b, the retaining ring 835c, the ring 835d, and the spring 
835e of the dog assembly 835 are driven backward thereby compressing the spring 
835e and applying an axial biasing force to the tubular sleeve 835a that prevents the 
expanston cone segments 825 from being displaced toward the end stop 820. 

30 The apparatus 800 may then be at least partially positioned in the open hole 

section 1 15a of the wellbore sectton 115, b^ond the lower end 120c of the tubular 
member 120. In an exemplary embodiment that portion of the apparatus 800 that 
includes the stop member 820, the expanston cone segments 825, the split ring collar 
830, and the dog assembly 835 is then positk>ned In the open hole section 1 15a of the 

35 welttxm sectk>n 115. beyond the lower end 120 of the tubular memberfor re^ns to 
be described. Because the dog 835g of the dog assembly 835 Is resilient, once the 
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apparatus 800 has been positioned in the open hole section 1 15a of the welllwre 
section 115, beyond the lower end 120c of the tubular member 120, the resilient dog of 
the dog assembly may spring outwardly in the radial direction. 

The apparatus 800 may then be repositioned at least partially bade within the 
tubular member 120. During the re-Insertion of the apparatus Into the tubular member 
120, the lower end 120c of the tubular member may Impact the ends of the resilient 
dog 835g of the dog assembly 835 thereby driving the resilient dog fonward until the 
resilient dog is positioned onto the shoulder 815eb of the flange 81 5e of the tubular 
support member 815. 

As a result of the forward axial displacement of the resilient dog 835g. the 
tubular sleeve 835f. the spring 835e. the ring 835d, the ring 835c the pin 835b, and the 
tubular sleeve 835a are displaced in the fbnrard axial direction thereby also displacing 
the split ring collar 830 and the expansion cone segments 825 in the fonward axial 
direction. As a result, ttie expansion cone segments 825 are driven up the tapered 
hexagonal portion 81 5gb of the expansion cone support body 81 5g of the tubular 
support member 815 Into contact with the stop member 320. Furthenrore, as a result 
of the fbnivard axial displacement of flie tubular sleeve 835f. the radial passages, 81 5d 
and 835fh, are fluididy decoupled* As a result fiuldic materials within the tubular 
support member 815 may not pass into the annulus between the tubular supped 
member and the tubular member 1». 

As a result of flie fonfvard axial displacement of the resilient dog 435e, the 
outside diameter of the expansion cone segments 825 is now greater than the Inside 
diameter of expandable tubular member 120 thereby permitting the apparatus 800 to 
be used to radially expand and plastically deform the tubular member, and fluidic 
materials within the Interior 815a of the tubular support member 815 may no longer 
pass through the radial passages, 81 5d and 455ed, into the annulus between ttie 
apparatus 800 and the tubular member thereby penmltting tiie interior of the apparatus 
to be pressurized. 

The apparatus 800 may then be operated to r^lally expand and plastically 
defomi tiie tubular member 120 by applying an upward axial force to the tubular 
support member 815 and/or by Injecting a pressimzed fluidic material into the tubular 
support member. 

In particular, as illustrated in Figs. 17 and 17a-17c, the expandable tubular 
member 120 may ttien be radially expanded using the apparatus 800 by Injecting a 
fluidic material 275 into the apparatus ttirough the passages 805a, 810a, 815a, and 
820a. The Injection of the fluidic material 275 nnay pressurize the interior 120a of tte 
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expandable tubular member 120. In addition, because the packer cup assemblies. 840 
and 850, seal off an annular region 120aa below the packer cup assemblies between 
the expandable tubular member 120 and the tubular support member 815, the injection 
of the fluldic material 275 may also pressurize the annular region. 

The continued injection of the fluldic material 275 may then pressurize the 
interior 120a of the expandable tubular member 120 thereby plastically defonning and 
radially expanding the expandable tubular member off of the expansion cone segments 
825. Because the outer surfaces. 825bb and 825bc of the expansion cone segments 
825 are tapered, the plastic deformation and radial expansion of the expandable 
tubular member 120 proximate the expansion cone segments Is fadlltated. 
FurthennorB. in an exemplary embodiment, the continued injection of the fluldic 
material 275 also pressurizes the annular region 120aa defined between the Interior 
surface of the expandable tubular niember 120 and the exterior surface of the tubular 
support member 815 that is bounded on the upper end by the packer cup assembly 
840 and on the tower end by the expan^n cone segments 825. Furthemwre, in an 
exemplary embodiment, the pressurization of the annular region 1 20aa also radially 
expands at least a portion of the surrounding portton of the expandable tubular member 
120. In Ihis manner, the plastic deformation and radial expansion of the expandable 
tubuteir member 120 Is enhanced. Furthemnore. during operation of the apparatus 300, 
the packer cup assemblies 840 and 850 prevent the pressurized fluldic material 275 
from passing above and beyond the packer cup assentWIes and thereby define the 
length of the pressurized annular region 120aa. In an exemplary embodiment, the 
pressurization of the annular region 1 20aa decreases the operating pressures required 
for plastic defonnatfon and radial expansion of the expandable tubular member 120 by 
as much as 50% and also reduces the angle of attack of the tapered external surfaces, 
825bb and 825bc of the expansion cone segments 825. 

The radial expansion of the expandable tubular member 120 may then continue 
until the upper end 120b of the expandable tubular member is radially expanded and 
plastically defonned atong with the overiapping portion of the wellbore casing 110. 
Because the expansion cone segments 825 may be adjustably positioned fifom an 
outskle diameter less than the inside diameter of the expandable tubular member 120 
to an outskte diameter substantially equal to ttie insMe diameter of Uie pre-existing 
casing 110. the resulting wetB>ore casing, including ttie casing 110 and ttie radially 
expanded tubular member 120, created by ttw operation of tt» apparatus 800 may 
have a single substantia^ constant inside diameter ttiereby provkiir^ a monoKllameter 
welUDore casing. 
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During the radial expansion process, the expansion cone segnients 825 may be 
raised out of the expanded portion of the tubular member 1 20 by applying an upward 
a^dal force to the tubular support member 815. In a prefen-ed embodiment during the 
radial expansion process, the expansion cone segments 825 are raised at 
approximately the same rate as the tubular member 120 is expanded in order to keep 
the tubular nnember stationary relative to the new wellbore section 115, 

In a preferred embodiment, when the upper end portion of the expandable 
tubular member 120 and the lower portion of the wellbore casing 110 that overlap with 
one another are plastically deformed and radially expanded by the expansion cone 
segments 825, the expansion cone segments are displaced out of the wellbore 100 by 
both the operating pressure within the interior of the tubular nwmber 120 and a 
upwardly directed axial force applied to the tubular support member 405. 

In a preferred embodiment, the operating pressure and flow rate of the fluidic 
material 275 is controllably ramped down when the expansion cone segments 825 
reach the upper end portion of the expandable tubular member 120. In this manner, 
the sudden release of pressure caused by the complete radial expansion and plastic 
deformatibn of the expandable tubular member 120 off of the expansion cone 
segments 825 can be minimized. In a preferred embodiment, the operating pressure is 
reduced In a substantially linear fashion from 100% to about 10% during the end of the 
extrusion process beginning vA\Br\ the expansion cone segments 825 are within about 
5 feet from completion of the extrusion process. 

Alternatively, or in combination, the wall thickness of the upper end portton of 
the expandable tubular member 120 is tapered in order to gradually reduce the 
required operating pressure for plastically deforming and radially expanding the upper 
end portton of the tubular member. In this manner, shock loading of the apparatus Is at 
least reduced. 

Alternatively, or in combination, a shock absort)er is provided in the tubular 
support member 805 in order to absort> the shodc caused by the sudden release of 
pressure. The shock absort)er may comprise, for example, any oonventtonal 
commercially available shock absortwr. bumper sub, or jars adapted for use in wellbore 
operations. 

Altematlvely, or in comblrwrtton. an expansion cone catching structure Is 
provided In the upper end portion of the expandable tubular member 120 In order to 
catch or at least decelerate the expansion cone segments 825. 

Altematlvely, or in combinatton, during the radial expansion process, an upward 
axial force is applied to the tubular support member 815 sufRcient to plastically defomn 
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and radially expand the tubular member 120 off of the external surfaces, 225bb and 
225bc, of the expansion cone segments 825. 

Alternatively, or In combination, in order to facilitate the pressurization of the 
Interior 1 20a of the expandable tubular member by the injection of the fluidic materials 
275. the region within the wellbore section 115 below the apparatus 800 may be 
fluidicly sealed off In a convention manner using, for example, a packer. 

Once the radial expansion process is completed, the tubular support member 
805, the tubular support nrtember 810. the tubular support member 815, the end stop 
820, the expansion cone segments 825, the split ring collar 830, tiie dog assembly 835, 
the packer cup assembly 840. the spacer 845, and the packer cup assembly 850 are 
removed from the wellbores 100 and 115. 

If the expansion cone segments 825 become lodged within the expandable 
tubular member 120 during the radial expanston process, then a ball 280 may be 
placed in the throat.81 5aa of the passage 815a of ttie tubular support rnember 81 5. 
The continued irijecBon of the fluidfc material 275 foltowing the placement of the ball 
280 in the throat SlSaa of the passage 815a of the tubular support member will then 
pressurize tiie radial passage 81 5b and an annular portion 835fga of the counterbore 
835fg. As a result of the pressurization of the annular portion 835fga of the 
counterbore 835fg. the tubular sleeve 835f . the pin 835b. the retaining ring 835c. the 
ring 835d, the spring 835e. and the tubular sleeve 835a of the dog assembly 835, and 
the split ring collar 830 are driven backward thereby displacing the expansion cone 
segments 825 backwards in the axial direction away from the end stop 820. In ttiis 
manner, the outside diameter of the expansion cone segments 825 is theroby reduced 
and the apparatus 800 may then be removed from the expandable tubular member 
120. 

Referring now to Figs. 18a, 18b. 18c, and 18d, an embodiment of an adjustable 
expansion cone assembly 900 will be described. The assembly 900 indudes a tubular 
support member 905 that defines a passage 905a and Includes an expanston cone 
support flange assembly 905b that is coupled to an end stop 910 ttiat defines a 
passage 910a. The expansion cone support flange assembly 905b includes a first 
tubular end 905ba, a second tubular end 905bb, and an intenmediate hexagonal 
conical tubular body 905bc that includes a plurality of substantially Uenfical and equally 
spaced apart expansion cone segment support slots 905bcaa-905bcaf on each of the 
facets of the hexagonal tubular body. 

A plurality of first expansion cone segments 91 5a-91 5c are provWed that 
include T-shaped retaining menrA)^ 915aa-915ca that mate with and are movably 
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received wilhin the T-shaped slots 905bcaa. 905bcac. and 905bcae of the hexagonal 
conical tubular body 905bc of the expansion cone support assembly 905b. T-shaped 
retaining members 915ab-915cb. exterior top surfaces 915ao-915cc. exterior top 
surfaces 915ad-915cd. exterior top surfaces 915ae-915ce. exterior top surfaces 915af- 
5 915cf, and exterior top surfaces 915ag-915og. In an exemplary embodiment, the 
exterior top surfaces 915ac-915cc and the exterior top surfaces 915ad-915cd are 
arcuate conical surfaces in which the angle of attack of the exterior top surfaces 915ao- 
915CC Is greater than the angle of attack of the exterior top surfaces 915ad-915cd. 

A plurality of second expanston cone segments 920a-920c. that are interteaved 
10 with and complementary shaped to the first expanston cone segments 915a-915c. are 
also provided that Include T-shaped retaining members 920aa-920ca that mate v«th 
and are movably received winthin the T-shaped slots 905bcab. 9D5bcad. and 905bcaf of 
the hexagonal conical tubular body 905bc of the expansion cone support assembly 
905b. T-shaped retaining members 920ab-920cb. exterior top surfaces 920ap-920cc. 
15 exterior top surfaces 920ad-920cd. exterior top surfaces 920ae-920ce, exterior top 
surfaces 920af-920cf, and exterior top surfaces 920ag-920og. In an exemplary 
embodiment, the exterior top surfaces 920ac-920cc and the exterior top surfaces 
920ad-920cd are arcuate conical surfaces in vi»hich the angte of attack of the exterior 
top surfaces 920ao-920cc is greater than the angte of attack of the exterior top 
20 surfaces 920ad-920cd. 

A spin ring collar 925 is provided that defines a passage 925a for receiving the 
tubular support member 905 that includes an L-shaped retaining member 925b at one 
end and another end of the split ring collar 925 includes T-shaped slote. 925c, 925d, 
925e. 925f. 925g. and 925h, for mating vinth and receiving the T-shaped retaining 
25 members, 915ab. 920ab. 915bb, 920bb, 915cb, and 920cb, of the expansion cone 

segments. 915a, 920a. 915b. 920b, 915c, and 920c. respectively. A tubular sleeve 930 
is provkJed that defines a passage 930a for receiving the tubular support member 905 
and that also includes a slot 930b for receiving and mating with the L-shaped retaining 
member 925b of the split ring collar 925. 
30 During operation of the assembly 900. as Blustrated In Figs. 18a. 18b. 18c and 

18d. in an unexpanded position, the expanston cone segmente, 915a. 915b. 915c. 
915d, 920a. 920b. 920c and 920d are poslttoned adjacent to the base of the 
hexagonal conical tubular body 905bc of the expanston cone support ftenge 905b away 
from the end stop 910. In this manner, the outeWe dianwter of the expansion cone 
35 segments is tess than or equat to the maximum outskJe tfiameter of the assembly. 
Furthemwra. in the unexpanded position, the expanston cone segmente. 915a. 91 5b, 
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and 915c, are positioned further away from the end stop 910 than the expansion cone 
segments, 920a, 920b, and 920c. 

As illustrated in Figs. 19 arwl 19a. the assembly 900 may then be expanded by 
displacing the tubular sleeve 930 and the split ring collar 925 in the axial direction 
towarxls the expansion cone segment support members 705bb. As a result, the 
expansion cone segments. 915a. 915b, 915c 920a, 920b. 920c, are driven up the 
hexagonal conical tubular body 905bc of the expansion cone support flange 905b until 
the expansion cone segments impact the end stop 910. In this manner, »» outside 
diameter of the expansion segments. 915a, 915b, 915c. 920a. 920b, and 920c Is 
greater than the maximum diameter of the remaining components of the assembly 900. 
Furthermore, the conical outer surfaces. 91 Sac, 915bc 915cc, 920ac 920bc, and 
920CC. and the conical outer surfaces. 915ad, 915bd, 915od. 920ad. 920bd. and 920cd 
of the expansion cone segments. 915a, 915b, 9^5c. 920a, 920b. and 920c. 
respectively, may now be used to radially expand a tubular member. In an exemplary 
embodiment, the outer conical surfaces. 915ac. 915bc. 915cc 920ac, 920bc and 
920CC and the conical outer surfaces. 915ad. 915bd. 915od. 920ad, 920bd. and 920cd 
of the expansion cone segments. 915a, 915b. 91Sc 920a. 920b. and g20c 
respectively, in the expanded position of the assembly 900. provide a substantially 
continuous outer conical surfaces in the circumferential direction. Furthermore, note 
that in the expanded position of the assembly 900. the first set of expansion cone 
segments. 915a, 915b, and 915c are brought into alignment virith the second set of 
expansion cone segments, 920a. 920b, and 920c 

The assembly 900 may then be returned to the unexpended position by 
displacing the tubular sleeve 930 and the split ring collar 925 in the axial direction avray 
from the end stop 910. As a result, the expansion cone segments, 915a, 915b, 915c, 
920a, 920b, and 920c. are displaced away from the end top 910, down the conical 
hexagonal tubular member 905bc and thereby are returned to a position In v»hich the 
outside diameter of the expansion cone segments is less than or equal to the maximum 
diameter of the remaining components of the assembly 900. 

In several allemative embodiments, the assembly 900 is incorporated Into the 
assemblies 200. 300, 400, and 800. 

Referring to Fig. 20a. an embodiment of an expansion cone segment assembly 
1000 Includes interiocking expansion cone segments. 1000a, 1000b. 1000c. lOOOd. 
lOOOe. and lOOOf. 
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Referring to Fig. 20b, an embodiment of an expansion cone segment assembly 
1100 Includes intertocking expansion cone segments, 1100a, 1100b, 1100c, ilOOd, 
llOOe. andllOOf. 

Referring to Fig. 20c, an embodiment of an expansion cone segment assembly 
5 1200 includes intertocking expansion cone segments, 1200a, 1200b, 1200c, 1200d. 
1200e, and 1200f. 

Referring to Fig. 20d, an embodiment of an expansion cone segment assembly 
1300 includes intertocking expansion cone segments, 1300a. 1300b, 1300c, 1300d, 
1300e,and1300f. 

10 Referring to Fig. 20e, an embodinrtent of an expansion cone segment assembly 

1400 includes Intertocking expansion cone segments, 1400a. 1400b. 1400c, 1400d, 
1400e,and1400f. 

Referring to Fig. 20f, an embodiment of an expansion cone segment assembly 
1500 includes Intertocking expansion cone segments. 1500a, 1500b, 1500c, 1500d, 
15 1500e,and1500f. 

Referring to Rg. 20g, an en4)odiment of an expansion cone segment assembly 
1600 includes intertocking expanston cone segments. 1600a, 1600b, 1600c. 1600d. 
1600e. and 1600f. 

Referring to Fig. 20h. an embodiment of an expansion cone segment assembly 
20 1700 inchjdes Intertocking expansion cone segments, 1700a, 1700b, 1700c, 1700d, 
1700e.and 1700f. 

Referring to Fig. 201, an embodiment of an expanston cone segn^ent assembly 
1800 Includes intertocking expansion cone segments, 1800a, 1800b, 1800c 1800d, 
1800e.and1800f. 

25 Refening to Fig. 20j, an embodiment of an expansion cone segment assembly 

1900 indudes intertocking expanston cone segments. 1900a, 1900b, 1900c. 1900d. 
1900e,and 1900f. 

Refening to Rg. 20k, an embodiment of an expansion cone segment assembly 
2000 indudes intertocking expansion cone segments, 2000a, 2000b, 2000c 2000d. 

30 2000e, and 2000f. 

Referring to Fig. 201, an embodiment of an expansion cone segment assembly 
2100 Indudes interiocking expanston cone segments, 2100a, 2100b. 2100c, 2100d. 
2100e, and 21(X)f. 

Referring to Fig. 20m. an enftbodiment of an expanston cone segment assembly 
35 2200 indudes interiocking expansion cone segments, 2200a, 2200b, 2200c 2200d, 
2200e, and2200f. 
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The expansion cone segment assemblies 1000, 1100, 1200. 1300. 1400. 1500. 
1600, 1700. 1800. 1900. 2000. 2100, and 2200 provide enhanced operational 
properties such as, for example, efficient radial expansion of expandable tubular 
members and durability during operation. 
5 in several alternative embodiments, the design and operational features of the 

apparatus 200, 300. 400, 500, 600. 700, 800, 900. 1000, 1100, 1200, 1300. 1400. 
1500. 1600. 1700. 1800, 1900. 2000, 2100. and 2200 may be combined, in whole or In 
part, and/or the design and operational elements of the apparatus 200, 300, 400, 500. 
600,700,800,900,1000.1100,1200,1300,1400,1500.1600,1700,1800,1900. 

10 2000, 2100. and 2200 may be interspersed among each other. 

In several alternative embodiments, the apparatus 200, 300, 400. 500, 600, 
700, 800, 900, and 1000, 1100, 1200, 1300. 1400. 1500, 1600, 1700, 1800. 1900, 
2000, 21(K), and 2200 may be used to form or r^lr wellboie casings, pipelines, or 
structural supports. 

15 In several alternative embodiments, the apparatus 200. 300. 400, 500, 600, 

700. 800, 900, 1000. 1100, 1200. 1300, 1400, 1500. 1600, 1700, 1800, 1900, 2000. 
2100, and 2200 include two or more expah^on cone segments thai may be movaWy 
support and guided on a tapered expan^on cone support body ttiat may, for examine, 
be conical, or may be a multi-sided body. 

20 In several alternative embodiments, the design and operation of the apparatus 

200. 300, 400, 500. 600, 700, 800, 900, 1000. 1100. 1200. 1300. 1400. 1500. 1600. 
1700, 1800, 1900, 2000. 2100. and 2200 are provided substantially as disclosed in one 
or more of the following: (1) U.S. patent application serial no. 09/454.139. attomey 
docket no. 25791 .03.02, filed on 12/3/1 999. (2) U.S. patent application serial no. 

25 09/51 0,91 3. attomey docket no. 25791 .7.02. filed on 2/23/2000. (3) U.S. patent 

application serial no. 09/502.350. attomey docket no. 25791.8.02. filed on 2/10/2000. 
(4) U.S. patent application serial no. 09/440.338, attomey docket no. 25791.9.02, filed 
on 1 1/15/1999, (5) U.S. patent application serial no. 09/523,460, attomey dodcet no. 
25791 .1 1 .02, filed on 3/10/2000, (6) U.S. patent application serial no. 09/512,895, 

30 attomey docket no. 25791 ,1^02. filed on 2^4^000, (7) U.S. patent application serial 
no. 09/51 1 .941 , attomey docket no. 25791.16.02, filed on 2«4/2000. (8) U.S. patent 
application serial no. 09/588.946. attomey docket no. 25791.17.02. filed on 6/7/2000. 
(9) U.S. patent application serial no. 09/559.122. attomey docket no. 25791.23.02, filed 
on 4/26/2000, (10) PCT patent appHcatfon serial no. PCT/USOO/18635, attomey docket 

35 no. 25791.25.02. filed on 7/9/2000. (11) U.S. provisional patent applteation serial no. 
60/162,671. attorney docket no. 25791.27. filed on 11/1/1999, (12) U.S. provistonal 
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patent appllcatfon serial no. 60/154,047, attorney docket no. 25791.29, filed on 
9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, attorney 
docket no. 25791.34, fBed on 10/12/1999. (14) U.S. provisional patent application serial 
no. 60/159,039, attorney docket no. 25791.36, filed on 10/12/1999, (15) U.S. 
5 provisional patent application serial no. 60/159,033, attorney do<*et no. 25791 .37. filed 
on 10/12/1999. (16) U.S. provisional patent application serial no. 60/212.359, attorney 
docket no. 25791.38. filed on 6/19/2000, (17) U.S. provisional patent application serial 
no. 60/165.228, attorney docket no. 25791.39, filed on 11/12/1999, (18) U.S. 
provisional patent apfrflcation serial no. 60^21 ,443, attorney docket no. 25791 .45, filed 
10 on 7^8/2000, (19) U.S. provisional patent application serial no. 60/221 .645, attorney 
docket no. 25791.46, filed on 7/28/2000, (20) U.S. provisional patent application serial 
no. 60/233,638, attorney docket no. 25791.47, filed on 9/18/2000, (21) U.S^ provisional 
patent application serial no. 60/237,334, eXtomey docket no. 25791.48, filed on 
10/2/2000. (22) U.S. provisional patent application serial no. 60/270,007. attorney 
15 docket no. 25791 .50. filed on 2/20/2001; and (23) U.S. provisional patent application 
serial no. 60/262.434, attorney docket no. 25791.51, filed on 1/17/2001; and (24) U.S. 
provisional patent application serial no. 60/^9.486. attorney docket no. 25791.52, filed 
on 1/3/2001 . the disclosures of which are incorporated herein by reference. 

An apparatus for radially expanding a tubular member has been described that 
20 includes a tubular support nnember that includes a first tubular support body defining a 
longitudinal passage, a first lug coupled to and extending from the first tubular support 
body in the radial directkm, a second lug coupled to and extending from the first tubular 
support body in the radial direction, arnl an expansion cone support body coupled to 
the first tubular support body. The expansion cone support body includes an N-sided 
25 tapered tubular sup(x>rt member, wherein each side of the multi-sided tapered tubular 
support member defines a T-^haped stot. N expansion cone segments are movably 
coupled to the expansion cone support body, each including an expansion cone 
segn^ent body including arcuate conical outer surfaces, a first T-shaped retaining 
member coupled to the mpanslon cone segment body for movably coupling the 
30 expansion cone segment body to a corresponding one of the T-shaped slots of the 
expansion cone support body, and a second T-shaped retaining meml^er coupled to 
the expansion cone segment body. A spilt ring collar assembly Is nravably coupled to 
the exterior of the tubular support member that includes a second tubular support body 
defining N T-shaped skjts for movably receiving corresponding ones of the second T- 
35 shaped retaining meriibers of the expansion cone segments, and an L-sf^ped 
retaining member coupled to the second tubular support body. A first drag bkxdc 
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assembly is movably coupled to the tubular support member that includes a first drag 
block body defining a slot for receiving and mating with the L-shaped retaining member 
of the split ring collar, and a first J-shaped slot for receiving the first lug, and one or 
more first drag blocks coupled to the first drag block body. A second drag block 
5 assembly is movably coupled to the tubular support member that includes a second 
drag btock body defining a second J-shaped stot.for receiving the second lug, and one 
or more second drag blocks coupled to the second drag block body. First and second 
packer cups are coupled to the tubular support memt>er between the first and secoruJ 
drag block assemblies. 

10 An apparatus for radially expanding a tubular merrri^er has also been described 

that includes a tubular support number that includes a first tubular support body 
defining a tongitudinal passage, a first flange coupled to the first tubular support body, 
a second flange coupled to the first tubular support body, a first tapered fiange coupled 
to the first tubular support body, a second tapered flange coupled to the first tubular 

1 5 support body, and an expanston cone support body coupled to the first tubular support 
body. The expansion cone support body includes an N-sided tapered tubiriar support 
member, wherein each side of the multi-sided tapered tubular support member definies 
a T-shaped slot. N expansion cone segments are movably coupled to the expansion 
cone support body, each including an expansion cone segment body including arcuate 

20 conical outer surfaces, a first T-shaped retaining member coupled to the expanston 
cone segment body for nx>vably coupling the expansion cone segment body to a 
con-esponding one of the T-shaped slots of the expansion cone support body, and a 
second T-shaped retaining member coupled to the expansion cone segment body. A 
split ring collar is movably coupled to the exterior of the tubular support member that 

25 includes a second tubular support body that defines N T-shaped slots for movably 
receiving con^pondir^g ones of the second T-shaped retaining menders of the 
expansion cone segments, and an L-shaped retaining nnember coupled to the second 
tubular support body. A first collet assembly Is movably coupled to the tubular support 
member that indiides a first tubular sleeve that defines a slot for receiving and matir^ 

30 with the L-shaped retaining member of the split ring collar, a first oountert)ore for 
receiving the first fiange, and a first racflal passage, a first spring received within the 
first counterbore, a first retaining ring received within the first oountert>ore, a first load 
transfer pin coupled to the first retaining ring and extending through the first radial 
passage, a second tubular sleeve coupled to the first load transfer pin, a first resilient 

35 collet coupled to the second tubular sleeve and positioned above the first tapered 
flange, and a third tubular sleeve coupled to the first resilient oolleL A seomd collet 
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assembty is movably coupled to the tubular support member that includes a fourth 
tubular sleeve that defines a second countert)ore for receiving the second flange, and a 
second radial passage, a second spring received within the second countert>ore, a 
second retaining ring received within the second countertjore. a second load transfer 
5 pin coupled to the second retaining ring and extending through the second radial 
passage, a fifth tubular sleeve coupled to the second load transfer pin, a second 
resilient collet coupled to the fifth tubular sleeve and positioned above the second 
tapered flange, and a sixth tubular sleeve coupled to the second resilient collet First 
and second packer cups coupled to the tubular support member between the first and 
1 0 second collet assemblies. 

An apparatus for radially expanding a tubular member has also been described 
that includes a tubular support member that includes a first tubular support body 
defirting a longitudinal passage, a first radial passage defined in the first tubular support 
body fluididy coupled to the bngitudinal passage, a first flange coupled to the first 
1 5 tubular support body, a second flange coupled to the first tubular support body, a first 
tapered flange coupled to the first tubular support body, a second tapered fiange 
coupled to the first tubular support body, and an expansion cone support body coupled 
to the first tubular support body. The expansion cone support body includes an N- 
sided tapered tubular support member, wherein each side of the multi-sided tapered 
20 tubular support member defines a T-shaped slot N expansion cone segments are 
movably coupled to the expansion cone support body, each including an expansion 
cone segment body Including arcuate conical outer surfaces, a first T-shaped retaining 
member coupled to the expansion cone segment body for movably coupling the 
expansion cone segment iKxJy to a corresponding one of the T-shaped slots of the 
25 expansion cone support body, and a second T-shaped retaining member coupled to 
the expansion cone segment body. A split ring collar is movably coupled to the exterior 
of the tubular support member that includes a second tubular support body that defines 
N T-shaped slots for nnovably receiving corresponding ones of the second T-shaped 
retaining members of the expansion cone segments, and an L-shaped retaining 
30 member coupled to the second tubular support body. A first dog assembly is movably 
coupled to the tubular support memba- that includes a first tubular sleeve that defines a 
slot for receiving and mating with the L-shaped raining member erf the spitt ring collar, 
a first oountert>ore for receiving the first flange, and a second radial passage, a first 
spring received within the first countertxjre. a first retaining ring received within the first 
35 countertxve, a first load transfer pin coupled to the first retaining ring and extending 
through the second radial passage, and a second tubular sleeve coupled to the first 
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load transfer pin that defines a secx>nd counterbore for receiving the first tubular sleeve, 
a first resilient dog coupled to the second tubular sleeve and positioned adjacent to the 
first tapered flange. A second dog assembly is movably coupled to the tubular support 
member that includes a third tubular sleeve that defines a second countert)ore for 
5 receiving the eecond flange, a third radial passage, and a fourth radial pe^sage fluidicly 
coupled to the first radial passage, a second spring received within the second 
oountertKra, a second retaining ring received within the second counterbore, a second 
load transfer pin coupled to the second retainir)g ring and extending through the third 
radial passage, a fourth tubular sleeve coupled to the second load transfer pin, and a 

1 0 second resilient dog coupled to the fourth tubular sleeve and positioned adjacent to the 
second tapered flange. First and second packer cups are coupled to the tubular 
support member between the first and second dog assemblies. 

An apparatus for radially expanding a tubular member has also been described 
that includes a tubular support member that includes a first tubtJar support body 

15 defining a longitudinal passage including a throat passage, a first radial passage 
defined in the first tubular support body fluidicly coupled to the longitudinal passage, a 
first flange coupled to the first tubular support body» a second flange coupled to the first 
tubular support body that defines a second radial passage defined in the second flange 
fluididy coupled to the longitudinal passage, a tapered flange coupled to the first 

20 tubular support body, and an expansion cone support body coupled to the first tubular 
support body. The expansion cone support body includes an N-sided tapered tubular 
support member, wherein each side of the multi-sided tapered tubular support member 
defines a T-shaped slot N expansion cone segments are movably coupled to the 
expansion cone support body, each indudirig an expansion cone segment body 

25 induding arcuate conical outer surfaces, a f^ T-shaped retaining member coupled to 
the expansion cone segment body for movably coupling the expansion cone segment 
body to a oorrespondmg one of the T-shaped slots of the expansion cone support 
body, and a second T-shaped retaining member coupled to the expansion cone 
segment body. A split ring cdlar is movably coupled to the exterior of the tubular 

30 support member that indudes a second tubular support body that defines N T-shaped 
slots for movably receiving corresponding ones of the second T-shaped retaining 
members of the expansion cone segments, and an L-shaped retaining member 
coupled to the second tubular support body. A dog assembly is movably coupled to 
the tubular support member that indudes a first tubular sleeve that defines a slot for 

35 receiving and mating with the L-shaped retaining member of the split ring collar, a first 
oountertxKB for receiving the first flange, and a third radial passage, a spring received 
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within the first countert>ore, a retaining ring received within the first countert)ore, a load 
transfer pin coupled to the retaining ring and extending through the third radial 
passage, a second tubular sleeve coupled to the first toad transfer pin that defines a 
first oounterbore for receiving the first tutnjiar sleeve, a second counterbore for 

5 receiving and mating with the tapered flar^, and includes a third flange that defines a 
third countert)ore for receiving the second flange, a fourth countert>ore for receiving the 
second flange, and a fourth radial passage, and a resilient dog coupled to the second 
tubular sleeve and positioned adjacent to the tapered flange. First and second packer 
cups are coupled to the tubular support member between the resilient dog and the third 

10 flange. 

An adjustable expansion cone assembly has also been described that includes 
a tutHilar support member that Includes a tubular support body and an expansion cone 
support body coupled to the tubular support body. The expansion cone support body 
includes an N-sided tapered tubular support member, wherein each side of the mutti- 

1 5 sided tapered tubular support member defines a T-shaped sloL N expansion cone 
segments are movably coupled to the expansion cone support body, each including an 
expansion cone segment body including arcuate conical outer surfaces, a first T- 
shaped retaining member coupled to the expansion cone segment body for movably 
coupling the expansion cone segment body to a corresponding one of the T-shaped 

20 slots of the expansion cone support kxxly, and a second T-shaped retaining member 
coupled to the expansion cone segment body. A split ring collar is movably coupled to 
the exterior of the tubular support member that includes a second tubular support body 
that defines N T-shaped slots for movably receiving corresponding ories of the second 
T-shaped retaining members of the expansion cone segments, and an L-shaped 

25 retaining member coupled to the second tubular support body. A tubular actuating 
sleeve is movably coupled to the tubular support member that includes a third tubular 
support t)ody that defiries a slot for receiving and mating with the L-shaped retainirig 
member of the split ring collar. 

An adjustable expansion cone assembly has also been described that Indudes 

30 a tubular support mmiber that includes a first tubular ^pport body, and an expansion 
cone support body coupled to the tubular support txxly. The expansion cone support 
body includes a tapered tubular support member defining N stepped slots. An 
expansion cone assembly Is movably coupled to the tutKilar support niemt)er that 
includes a second tubular support body movably coupled to the first tubular support 

35 body defining an L-shaped sicrt, and N expansion cone segments extending from the 
second tubular support member. Each expansion cone segment includes a resilient 
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collet coupled to the second tubular support member, an expansion cone segment 
body coupled to the resilient collet including arcuate conical outer surfaces, and a 
retaining member coupled to the expansion cone segment body for movably coupling 
the expansion cone segment body to a corresponding one of the stepped slots of the 

5 expansion cone support body. A split ring collar is movably coupled to the exterior of 
the tubular support member that includes a third tubular support body, a first L-shaped 
retaining member coupled to ttie third tubular support body for mating with the L- 
shaped slot of the second tubular support body of the expansion cone assembly, and a 
second L-shaped retaining member coupled to the third tubular body. A tubular 

10 actuating sleeve is movably coupled to the tubular support member that includes a third 
tubular support body that defines a slot for receiving and mating with the second L- 
shaped retaining member of the split ring cdlar. 

An adjustable expansion cone assembly has also been described that includes 
a tubular support member that includes a first tubular support body, and an expansion 

1 5 cone support body coupled to the tubular support body. The expansion cxme support 
txxly Includes a tapered tubular support member defining N slots. An expansion cone 
assembly is movably coupled to the tubular support member that includes a second 
tubular support txxiy movably coupled to the first tubular support body defining an L- 
shaped slot, and N expansion cone segments extending from the second tubular 

20 support member. Each expansion cone segment includes a resilient collet coupled to 
the second tubular support nnember, ah expansion cone segment body coupled to the 
resilient collet including arcuate conical outer sur^K»s, and a retaining member 
coupled to the expansion cone segment bcxiy for nr>ovably coupling the expansion cone 
segment body to a corresponding or^e of the slots of the expansion cone support body. 

25 A split ring collar is movably coupled to the exterior of the tubular support memb^ that 
includes a third tubular support body, a first L-shaped retaining member coupled to the 
third tubular support body for mating with the L-shaped slot of the second tubular 
support body, and a second L-shaped retaining member coupled to the third tubular 
support body. A tubular actuating sleeve Is movably coupled to the tubular, support 

30 member that includes a third tubular support body that defines a slot for receiving and 
mating witti the second L-shaped retaining member of the split ring collar. 

An adjustable expansion cone assembly has also been described that includes 
a tubular support nnember that includes a first tubular support body, and an expansion 
cone support body coupled to the tubular support body. The expansion cone support 

35 body includes a tapered tubular support member defkiing N slots. An expansion cone 
assembly is movably coupled to the tubular support member that includes a second 
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tubular support body movably coupled to the first tubular support body defining an L- 
shaped slot, N/2 first expansion cone segments extending from the second tubular 
support member, and N/2 second expansion cone segments extending from the 
second tubular member. Each first expansion cone segment includes a first resilient 
5 collet coupled to the second tubular support member, a first expansion cone segment 
body coupled to the resilient collet including arcuate conical outer surfaces, and a first 
retaining member coupled to the expansion cone segment body for moyably coupling 
the expansion cone segment body to a corresponding one of the slots of the expansion 
cone support body. Each second expansion cone segment includes a second resilient 

1 0 collet coupled to the second tubular support member, a second expansion cone 
segrr^nt body coupled to the resilient collet including arcuate conical outer surfaces, 
and a second retaining member coupled to the expansion cone segment body for 
movably coupling the expansion cone segment body to a corresponding one of the 
slots of the expansion.cone support body. The second expansion cone segments 

15 overlap and are interleaved with the first expansion cone segments. A split ring collar 
is movably coupled to the exterior of the tubular support member that includes a third 
tubular support body, a first L-shaped retaining member coupled to the third tubular 
support body for mating with L-shaped slot of the second tubular support body, and a 
second L-shaped retaining nnember coupled to the third tubular support body. A 

20 tubular actuating sleeve Is nx>vably coupled to the tubular support member that 

includes a third tubular support body that defines a slot for receiving and mating with 
the second L-shaped retaining member of the split ring collar. 

An adjustable expansion cone assembly has also been described that includes 
a tubular support member that indudes a first tubular support body, and an expansion 

25 cone support body coupled to the first tubular support body. The expansion cone 

support body includes an N-slded tapered tubular support nr^ember, v^erein each side 
of the multi-sided tapered tubular support memb^ defines a T-shaped slot. N/2 first 
expansion cone segments are movably coupled to the expansion cone support i)ody, 
each including a first expansion cone segment body including arcuate conical outer 

30 surfaces, a first T-shaped retaining member coupled to the first expansion cone 
segment body for movably coupling the first expansion cone segment body to a 
corresponding one of the T-shaped slots of the expansion cone support body, and a 
second T-shaped retaining member coupled to the first expansion cone segment body. 
N/2 second expansion cone segments are also movably coupled to the expansion cone 

35 support body, each Including a second expansion cone segment body including 
arcuate conical outer surfeces, a third T-shaped retaining member coupled to the 
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second expansion cone segment body for nx)vably coupling the second expansion 
cone segment body to a conresponding one of the T-shaped slots of the expansion 
cone support body, and a fourth T-shaped retaining member coupled to the expansion 
cone segment body. The first and second expansion cone segments are interteaved. 

5 The first expansion cone segment bodies are complementary shaped with respect to 
the second expansion cone segment bodies. A split ring collar assembly is movably 
coupled to the exterior of the tubular support member that includes a second tubular 
support body that defines N T-shaped slots for movably receiving conresponding ones 
of the second and fourth T-shaped retaining members of the interteaved first and 

10 second expansion cone segments, and an L*shaped retaining member coupled to the 
second tubular support body. A tubular actuating sleeve movably coupled to the 
tubular support member that includes a third tubular support body that defines a slot for 
receiving and mating with the L-shaped retaining member of the split ring collar. 

An apparatus for radially expanding a tubular member has also been descrit>ed 

15 that includes a tubular support member that includes a first tubular support body 
defining a longitudinal passage* a first tug coupled to and extending from the first 
tubular support body In the radial direction, and a second lug coupled to and extending 
from the first tubular support body in the radial direction. An adjustable expansion cone 
assembly is movably coupled to the tubular support member. A first drag block 

20 assembly is movably coupled to the tubular support member that includes a first drag 
block body coupled to the adjustable expansion cone assembly that defines: a first J- 
shaped slot for receiving the first lug, and one or more first drag blocks coupled to the 
first drag block body. A second drag block assembly is movably coupled to the tubular 
support member that includes a second drag block body that defines: a second J- 

25 shaped slot for receiving the second lug. and one or more second drag blocks coupled 
to the second drag block txxSy. First and second padcer cups are coupled to the 
tubular support rr^mber between the first and second drag block assemblies. 

An apparatus for radially extending a tubular memt>er has also been descrit>ed 
that includes a tubular support member that includes a first tubular support body 

30 defining a tongitudinal passage, a first flange coupled to the first tubular support body, 
a second flange coupled to the first tubular support body, a first tapered flange coupled 
to the first tubular support body, and a second tapered flange coupled to the first 
tubular support t>ody. An adjustable expanston cone assembly is movably coupled to 
the tubular support mentber. A first collet assembly is movably coupled to the tubular 

35 support member that includes a first tubular sleeve coupled to the adjustable expansion 
cone assembly and defines a first oounterbore for reoeh^ng the first flange, and a first 
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radial passage, a first spring received within the first countert>ore, a first retaining ring 
received within the first counterbore, a first load transfer pin coupled to the first 
retaining ring and extending through the first radial passage, a second tubular sleeve 
coupled to the first load transfer pin, a first resilient collet coupled to the second tubular 

5 sleeve and positioned above the first tapered flange, and a third tubular sleeve coupled 
to the first resilient collet A second collet assembly is movably coupled to the tubular 
support member that indudes a fourth tubular sleeve that defines: a second 
counterbore for receivir>g the second flange, and a second radial passage, a second 
spring received within the second counterbore. a second retaining ring received within 

10 the second counterbore. a second load transfer pin coupled to the second retaining 
ring and extending through the second radial passage, a fifth tubular sleeve coupled to 
the secmd load trar^ster pin, a second resiltent odlet coupled to the fifth tubular sleeve 
and posifioned above the second tapered flange, and a sbcth tubular sleeve coupled to 
the second resilient collet First and second packer cups are coupled to the tubuter 

15 support member between the first and second collet assemblies. 

An apparatus for radially expanding a tubular member has also been described 
that includes a tubular support member that includes a first tubular support body 
defining a longitudinal passage, a first radial passage defined in the first tubular support 
body fluididy coupled to the longitudinal passage, a first flange coupled to the flrst 

20 tubular support body, a woond flange coupled to the first, tubular support body, a first 
tapered flange coupled to the flrst tubular support body, and a second tapered flange 
coupled to the flrst tubular support body. An adjustable expansion cone assembly is 
movably coupled to the tubular support member. A first dog assembly is movably 
coupled to the tubular support member that indudes a first tubular sleeve coupled to 

25 the ac^ustable expar^ion cone assembly that defines: a flrst countertx>re for receiving 
the first flange, and a second radial passage, a first spring received within the first 
countertxxe. a first retaining ring received within the first counterbore, a first load 
transfer pin coupled to the first retaining ring and extending through the second radial 
passage, a second tubular sleeve coupled to the flrst load transfer pin that deflnes: a 

30 second countertxra for receiving the first tubular sleeve, a first resilient dog coupled to 
the second tubular sleeve and positioned adjacent to the first tapered flange. A second 
dog assembly is movably coupled to the tubular support member that indudes a third 
tubular sleeve that deflnes a second oounteritXNB for receiving the second flange, a 
third radial passage, and a fourth radial passage fluididy coupled to the first radial 

35 passage, a second spring received within the second countertx)re, a second retaining 
ring received within the second counterbore. a seoond load transfer pin coupled to the 
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seccmd retaining ring and extending through the ttiird radial passage, a fourth tubular 
sleeve coupled to the second load transfer pin, a second resilient dog coupled to the 
fourth tubular sleeve and positioned adjacent to the second tapered flange. First and 
second packer cups are coupled to the tubular support member between the first and 
second dog assemblies. 

An apparatus for radially expanding a tubular member has also been described 
that indudes a tubular support member that includes a first tubular support body 
defining a longitudinal passage induding a throat passage, a first radial passage 
defined in the first hJbular support body fluidldy coupled to the longitudinal passage, a 
first flange coupled to the first tubular support body, and a second flange caipted to the 
first tubular support body that defines: a second radial passage defined in the second 
flange fluididy coupled to the tongitudinal passage. An adjustable expansion cone 
assembly Is movably coupled to the tubular support member. A dog assembly is 
movably coupled to the ftjbular support member that Includes a first tubular sleeve 
coupled to the adjustable expansion cone assembly that defines a first oounterbore for 
receiving the first flange, and a third radial passage, a spring received within the first 
counterbore, a retaining ring received within the first counterbore, a load transfer pin 
coupled to the retaining ring and extending through the third radial passage, a second 
tubular sleeve coupled to the first toad transfer pin ttiat defines: a first oounterbore for 
receiving the first tubular sleeve, a second counterbore for receiving and mating with 
the tapered flange, and indudes a third flange that defines a third counteriDore for 
receiving the second flange, a fourth counterix)re for receiving the seccftd flange, and 
a fourth radial passage, and a resilient dog coupled to the second tubular sleeve and 
positioned adjacent to the tapered flange. Rrst and second packer cups are coupled to 
the tubular support member between the resilient dog and the third flange. 

An apparatus for radially expanding a tubular member has also been described 
that indudes a tubular support member, an adjustable expanston cone assembly 
movably coupled to the tubular support member, and means for adjusting the 
adjustable expansion cone assembly. 

An adjustable expansion cone assembly has also been described that indudes 
a tubular support member. An adjustable expansk)n cone is movably coupled to the 
tubulin support member that mdudes a plurality of expansion cone segments, and 
meam for guiding the expansion cone segments on the tubular support member. The 
assembly further indudes means for adjusting the adjustable e3q>ansion cone. 

A method of oi3erating an adjustable expanston cone assembly induding a 
plurality of expansion cone segments has also been described that indudes guiding the 
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expansion cone segments on a tapered txxly. and oontrollabty displacing the 
expansion cone segments along the tapered t>ody. 

A method of operating an adjustable expansion cone assembly Including a 
plurality of expansion cone segments has also been described that includes guiding the 
5 expansion cone segments on a multi-sided tapered body, interlocking the expansion 
cone segments, and controllably displacing the expansion cone segments along the 
tapered body. 

A method of operating an adjustable expansion cone assembly including a 
plurality of expansion cone segments has also been described that includes resiliently 

10 guiding the expansion cone segments on a multi*sided tapered body, guiding each of 
the expansion cone segments on opposite sides in the circumferential direction, 
intertoddng the expansion cone segments, and controllably displacing the expansion 
cone segments along the tapered body. 

A method of operating an adjustable expansion cone assembly including a 

1 5 plurality of expansion cone segments has also been described that includes dividing 
the expansion oone segments into first and second groups of expansion cone 
segments, interleaving the first and second groups of expansion oone segments, 
overlapping the first and second groups of expansion oone segments, resilientty 
guiding the expansion cone segments on a multi-sided tapered body, guiding each of 

20 the expansion cone segments on opposite sides in the circumferential direction, and 
controllably displacing the expansion cone segments along the tapered body. 

A method of operating an adjustable expansion cone assembly including a 
plurality of expansion cone segments has also been described that includes dividing 
the expansion cone segments into first and second groups of expansion cone 

25 segments, interleaving the first and second groups of expansion cone segments. 

guiding the expartsion cone segments on a multi-sided tapered body, and controllably 
displacing the expansion cone segments along the tapered body while also relatively 
displacing the first and second groups of expansion cone segments in opposite 
directions. 

30 A method of plastically deforming and radially expanding an expandable tubular 

member using an apparatus including a tubular support mmiber. an adfustable 
expansion oone assembly movably coupled to the tubular support member, and an 
actuator movably coupled to the tubular support member for adjusting the adjustable 
expansion cone assembly, has also been described that includes coupling a first end of 

35 the expandable tubular member to a tubular stnicture, locking the actuator to the 
tubular support member of the apparatus, inserting the apparatus into the first end of 



70 



the expandable tubular member, moving the actuator and the adjustable expansion 
cone assembly of the apparatus out of the second end of the expandable tubular 
member, reinserting the actuator of the apparatus into the second erxl of the 
expandable tubular member, unlocking the actuator from the tubular support member 
5 of the apparatus, rotating the actuator relative to the tubular support member of the 
apparatus, and increasing the outside diameter of the adjustable expansion cone 
assembly by moving the tubular support member relative to the actuator, the adjustable 
expansion cone assembly and the expandable tubular member, and plastically 
defomning and radially expanding the expandable tubular member by moving the 
10 adjustable expansion cone assembly through the expandable tubular member. 

A method of plastically defomting and radially expanding an expandable tubular 
member using an apparatus including a tubular support member, an adjustable 
expansion cone assembly movably coupled to the tubutor support member, and an 
actuator movably coupled to the tubular support member for adjusting the adjustable 
1 5 expansion cone assembly, has also been described that includes coupling a first end of 
the expandable tutHJiar member to a tubular stmcture, inserting the apparatus into the 
first end of the expandable tubular member in a first direction, displadng the actuator of 
the apparatus in a second direction opposite to the first direction, applying a resilient 
biasing force to Uie adjustable expansion cone assembly in the second direction. 
20 moving the actuator and the adjustable expansion cone assembly of the apparatus out 
of the second end of the expandable tubular member, reinserting the actuator of the 
apparatus into the second end of the expandable tubular memt}er in the second 
direction, increasing the outside diameter of the adjustable expansion cone assembly 
by displacing the actuator and the adjustable expansion cone assembly relative to the 
25 expandable tubular member in the first direction, and plastically defomning and radially 
expanding the expandable tubular member by moving the adjustable expansion cone 
assembly through the expandable tubular member in the second direction. 

An adjustable expansion cone assembly has also been described that includes 
a plurality of expansion cone segments, means for guiding the expanston cone 
30 segments on a tapered body, and meai% for controllably displacing the expansion cone 
segments along the tapered body. 

An adjustable expansion cone assembly has also been described that includes 
a plurality of expansion cone segments, means for guiding the expansion cone 
segments on a multi-sided tapered body, means for Interlocking the expanston cone 
35 segmente, and means for oontrdlably dtepladng the expanston cone segmente along 
the tepered body. 
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An adjustable expansion cone assembly has also been described that includes 
a plurality of expansbn cone segnnents, means for resiliently guiding the expansion 
cone segments on a multi-sided tapered body, means for guiding each of the 
expansion cone segments on opposite sides in the drcumferential direction, means for 
5 interlocking the expansion cone segments, and means for controllably displacing the 
expansion cone segments along the tapered body. 

An adjustable expansion cone assembly has also been described that includes 
a plurality of expansion cone segments, means for dividing the expansion cone 
segments into first and second groups of expansion cone segments, means for 

10 Interleaving the first and second groups of expansion cone segments, means for 
overiapping the first and second groups of expanston corm segments, means for 
resHientty guiding the expansion cone segnr^nts on a multi-sided tapered body, means 
for guiding each of the expansion cone segments on opposite sides In the 
drcumferential direction, and means for controllably displacing the expansion cone 

1 5 segments along the tapered body. 

An adjustable expansion cone assembly has also iMen described that indudes 
a plurality of expansion cone segments, means for dividing the expansion cone 
segments into first and second groups of expansion cone segments, means for 
interleaving the first and second groups of expansion cone segments, means for 

20 guiding the expansion cone segments on a multi-sided tapered body, and means for 
controllably displadng the expansion cone segments along the tapered body while also 
relatively displadng the first and second groups of expansion cone segments in 
opposite directions. 

An apparatus for plastically deforming and radially expanding an expandable 
25 tubular member has also been described that indudes a tubular support member, an 
adjustable expansion cone assembly movably coupled to the tubular support number, 
means for actuating the adjustable expansion cone assembly, means for locking the 
actuator to the tubular support member of the apparatus, means for unlocking ttie 
actuator from the tubular support member of the apparatus, and means for Increasing 
30 the oulskle diameter of the adjustable expansion cone assembly by moving the tubular 
support member relative to the actuator, the adjustable expanston cone assembly, and 
the expandable tubular member. 

An apparatus for plastically deforming and radially expanding an expandable 
tubular member has also been described that indudes a tubular support member, an 
35 adjustable expanston cone assembly movably coupled to the tubular support member, 
means for actuating the adjustabto expanston cone assembly, means for displadng the 
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actuator of the apparatus in a first direction, rnear^ for applying a resilient biasing force 
to the adjustable expansion cone assembly when the actuator is displaced in the first 
diredion, and means for increasing the outside diameter of the adjustable expansion 
cone assembly by displadng the actuator and the adjustable expansion cone assembly 
5 relative to the expandable tubular member in a second direction opposite to the first 
direction. 

Although Illustrative embodiments of the invention have been shown and 
described, a wide range of modification, changes and substitution is contemplated in 
the foregoing dtedosure. In some instances, some features of the present invention 
10 may be employed without a corresponding use of the other features. Accordingly, it is 
appropriate that the appended claims be cc«istrued broadly and in a manner consistent 
with the scope of the invention. 
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Claims 

1. Method of plastically deforming and radially expanding an expandable tubular 
member using an apparatus comprising a tubular support member, an adjustable 

5 expansbn cone assembly movably coupled to the tubular support member, and an 
actuator movably coupled to the tubular support member for adjusting the adjustable 
expansion cone assembly, compristng: 

coupling a first end of the expandable tubular member to a tubular structure; 

locking the actuator to the tubular support member of the apparatus; 
1 0 inserting the apparatus into the first end of the expandable tubular memben 

moving the actuator and the adjustable expansion cone assembly of the 
apparatus out of the second end of the expandable tubular member; 

reins^ng the actuator of the apparatus into the second end of the expandable 
tubular memt>en 

1 5 unlocking the actuator from the tubular support member of the apparatus; 

rotating the actuator relative to the tubular support member of the apparatus: and 
increa^ng the outside diameter of the adjustable expansion cone assembly by 
moving the tubular support member relative to the actuator, the adjustable expansion 
cone assembly, and the expandable tubutar member; and 
20 plastically defomnlng and iBdially expanding the expandable tubular member by 

moving the adjustable expansion cone assembly through the expandable tubular 
member. 

2. The method of claim 1. wherein the tubular support member includes one or 
25 more lugs; wherein the actuator includes one or more conesponding retaining slots; 

and wherein locking comprises positioning the lugs into the conresponding retaining 
slots. 

3. The method of daim 1, wherein the tubular support member includes one or 
30 more lugs; wherein the actuatdr includes one or more corresponding retaining slots; 

and wherein unlocking comprises positioning the lugs out of engagement 
corresponding retaining sk>ts. 

4. The method of daim 1, wherein moving the tubular support member relative to 
35 the actuator, the adjustable expansbn cone assembly, and the expandable tubular 

member connprises: 
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the actuator firictionally engaging the expandable tubular member. 

5. The method of claim 1 , wherein moving the adji^table expansion cone assembly 
through the expandable tubular memt>er comprises: 

5 pulling the adjustable expansion cone through the expandable tubular member. 

6. The method of daim 1 , further comprising: 

fluididy sealing the interface between the tubular support member of the 
apparatus and the expandable tubular member, 
10 wherein moving the adjustable expansion cone assembly through the 

expandable tubular member comprises: 

injecHng a pressurized fluid into the tubular support member. 

7. A method of plastically deforming ar^l radially expanding an expandable tubular 
15 member using an apparatus comprising a tubular support member, an adjustable 

expansion cone assembly movably coupled to the tubular support member, and an 
actuator movably coupled to the tubular support member for adjusting the adjustable 
expansion cone assembly, comprising: 

coupling a first end of the expandakrie tubular member to a tubiriar struc^re; 
20 inserting the apparatus into the first end of the expandabte tubular member in a 

first direction; 

displacing the actuator of the apparatus in a second direction opposite to the first 
direction; 

applying a resilient biasing force to the adjustable expansion cone assembly in 
25 the second direction; 

moving the actuator and the adjustable expansion cone assembly of the 
apparatus out of the second end of the expandable tubular member, 

reinserting the actuator of the apparatus into the second end of the expandable 
tubular member in the second direction; 
30 increasing the outside diameter of the ad^stabie e)q>an$ton cone assembly by 

displacing the actuator and the adjustable expansion cone assemt)ly relative to the 
expandable tubular member in the first direction; and 

plastically defomning and radially expanding the expandable tubular member by 
moving the adjustable expansion cone assembly through the expandable tubular 
35 member in the second directim. 
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8. The method of daim 7. wherein displacing the actuator of the apparatus in the 
second direction comprises: 

impacting the actuator with the first end of the expandable tubular member. 

5 9. The method of claim 7, wherein displacing the actuator and the adjustable 
expansion cone assembly relative to the expandable tubular member in the first 
direction comprtees: 

impacting the actuator with the second end of the expandable tubular member. 

10 10. The method of daim 7, wherein mo>Mng the adjustable expansion cone assembly 
through the expandable tubular member comprises: 

pulling the adjustable expansion cx)ne thrpugh the expandable tubular member. 

1 1 . The method of daim 7, further comprising: 
15 fluididy sealing the interface t)etween the tubular support member of the 

apparatus and the expandable tubular memben 

wherein moving the adjustable expansion cone assembly through the 
expandable tubular member comprises: 

injecting a pressurized fluid into the tubular support member. 
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An apparatus for radially expanding a tubular member, comprising: 
a tubular support member comprising: 

a first tubular support body defining a longitudinal passage; 

a first lug coupled to and extending from the first tubular support body in 

the radial direction; 
a second lug coupled to and extending from the first tubular support 

body in the radial direction; and 
an expanston cone support body coupled to the first tubular support 
body comprising: 

an N-sided tapered tutuilar support member; 
wherein each side of the multi-skied tapered tubular support 
member defines a T-shaped slot; 
N e}q>ansion cone segments movably coupled to the expanston cone support 
body, each comprising: 

an expansion cone segment body including arcuate conical outer 
surfeces; 

a first T-shaped retaining memt>er coupled to the expansion cone 

segment body for movably coupling the expansion cone segment 
body to a corresponding one of the T-shaped slots of the 
expansion cone support body; and 

a second T-shaped retaining member coupled to the expansion cone 
segment body; 

a split ring collar assembly nrK>vably coupled to the exterior of the tubular 
support member comprising: 
a second tubular support body defining: 

N T-shaped slots for movably receiving corresponding ones of 
the second T-shaped retaining members of the 
expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular support 
body; 

a first drag block assembly movably coupled to the tubular support member that 
comprises: 

a first drag block body defining: 
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a slot for receiving and mating with the L-shaped retaining 

men\t)er of ttie split ring coOan and 
a first J-shaped slot for receiving the first lug; and 
one or more first drag blocks coupled to the first drag block body; 
a second drag block assentbly movably coupled to the tubular support member 
that comprises: 

a second drag block body defining: 

a second J-shaped stot for receiving the second lug; and 
one or more second drag blocks coupled to the second drag block bcKiy; 

and 

first and second packer cups coupled to the tubular support member between 
the first and second drag block assemblies. 

An apparatus for iradially expanding a tubular member, comprising: 
a tubular support member comprising: 

a first tubular support body defining a longitudinal passage; 
a first flange coupled to the first tubular support body; 
a second flange coupled to the first tubular support body; 
a first tapered flange coupled to the first tubular support body; 
a second tapered flange coupled to the first tubular support bod^ and 
an expansion cone support body coupled to the first tubular support 
body comprising: 

an N-sided tapered tubular support nrtember. 
wherein each side of the multi-sided tapered tubular support 
member defines a T-shaped slot; 
N expansion cone sagnrients movably coupled to the expansion cone support 
tx)dy. each comprising: 

an expansion cone segment body Including arcuate conical outer 
surfeces; 

a first T-shaped retaining member coupled to the expansion cone 

segment body for movably coupling the expanston cone segment 
body to a conresponding one of the T-shaped slots of the 
expansion cone support body; and 

a second T-shaped retaining member coupled to the expansion cone 
segment body; 
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a split ring collar movably coupled to the exterior of the tubular support member 
comprising: 

a second tubular support body that defines: 

N T-shaped slots for movably receiving corresponding ones of 
the second T-shaped retaining members of the 
expansion cone segments; and 
an L*shaped retaining member coupled to the second tubular support 
body; 

a first collet assembly nnovably coupled to the tubular support member that 
comprises: 

a first tubular sleeve defining: 

a slot for receiving and mating with the L-shaped retaining 
member of the split ring collar, 

a first counterbore for receiving the first flange; and . 

a first radial passage; 
a first spring received within the first counterbore; 
a first retaining ring received within the first counterbore; 
a first load transfer pin coupled to the first retaining ring and extending 

through the first radial passage; 
a second tubular sleeve coupled to the first load transfer pin; . 
a first resilient collet coupled to the second tubular sleeve and 

positioned above the first tapered flange; and 
a third tubular sleeve coupled to the first resilient collet; 
a second collet assembly movably coupled to the tubular support member that 
comprises: 

a fourth tubular sleeve defining: 

a second counterbore for receiving the second i\at\qei and 

a second radial passage; 
a second spring received within the second counterbore; 
a second retaining ring received within the second oountertx>re; 
a second load transfer pin coupled to the second retaining ring and 

extending through the second radial passage; 
a fifth tubular sleeve coupled to the second load trarmfer pin; 
a second resilient collet coupled to the fifth tubular sleeve and 

po^oned above the second tapered flange; and 
a dxth tubular sleeve coupled to the second resilient coOet; and 
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first and second packer cups coupled to the tubular support member between 
the first and second collet assemblies. 

3. An apparatus for radially expanding a tubular member, comprising: 
5 a tubular support member comprising: 

a first tubular support body defining a longitudinal passage; 

a first radial passage defined in the first tubular support body fiuididy 

coupled to the longitudinal passage; 
a first flange coupled to the first tubular support bcKly; 
10 a second flange coupled to the first tubular support body; 

a first tapered flange coupled to the first tubular support body; 
a second tapered flange coupled to the first tubular support body; and 
an expanston cone support body coupled to the flrst tubular support 
t>ody corYq)rising: 

15 an N-sided tapered tubular support member. 

wherein each side of the multi-sided tapered tubular support 
member defines a T-shaped slot; 
N expansion cone segments movably coupled to the expansion cone support 
body, each comprising: 
20 an expansion cone segment body including arcuate conical outer 

surfaces; 

a first T-shaped retaining member coupled to the expansion cone 

segment body for movably coupling the expansion cone segment 
body to a corresponding one of the T-shaped slots of the 
25 expansion cone support body; and 

a second T-shaped retaining member coupled to the expansion cone 
segment body; 

a split ring collar movably coupled to the exterior of the tubular support member 
comprising: 

30 a second tubular support body defining: 

N T-shaped slots for movably receiving oomesponding ones of 
the second T-shaped retaining members of the 
expansion cone segments; and 
an Leaped retaining meml>er coupled to the second tubular support 
35 body; 
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a first dog assembly movably coupled to the tubular support member that 
comprises: 

a first tubular sleeve defining: 

a slot for receiving and mating wittn the L-shaped retaining 
member of the split ring collar, 

a first counterbore for receiving the first flange; and 

a second radial passage; 
a first sprir>g received within the first counterbore; 
a first retaining ring received within the first countert)ore; 
a first load transfer pin coupled to the first retaining ring and extending 

through the second radial passage; 
a second tubular sleeve coupled to the first load transfer pin defining: 

a second countert)ore for receiving the first tubular sleeve; 
a first resilient dog coupled to the second tubular sleeve and positioned 
adjacent to the first tapered fiange; 
a second dog assembly movably coupled to the tubular support member that 
oomprises: 

a third tubular sleeve defining: 

a second countert^ore for receiving the second flange; 
a third radial passage; arnJ 

a fourth radial passage fluididy coupled to the first radial 
passage; 

a second spring received within the second countert)ore; 

a second retaining ring received within the second countert)ore; 

a second load transfer pin coupled to the second retaining ring and 

extending through the third radial passage; 
a fourth tubular sleeve coupled to the second load transfer pin; 
a second resilient dog coupled to the fourth tubular sleeve and 
positioned adjacent to the second tapered fiange; and 
first and second packer cups coupled to the tubular support member between 
the first and second dog assemblies. 

An apparatus for radially expanding a tubular member, comprising: 
a tutnilar support member comprising: 

a first tubular support body defining a longitudinal passage including a 
throat passage; 
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a first radial passage defined in the first tubular support t>ody flutdidy 

coupled to the longitudinal passage; 
a first flange coupled to the first tubular support body; 
a second flange coupled to the first tubular support body defining: 

a second radial passage defined in the second flange fluidicly 
coupled to the longitudinal passage; 
a tapered flange coupled to the first tubular support body; and 
an expansion cone support body coupled to the first tubular support 

body comprising: 

an N-sided tapered tubular support member, 
wherein each side of the multi-sided tapered tubular support 
member defines a T-shaped slot; 
N expansion cone segments movably coupled to the expansion cone support 
. body, each comprising: 

an expansion cone segment body including arcuate conical outer 
surfaces; 

a first T-shaped retaining merrt>er coupled to the expansion cone 

segment body for movably coupling the expansion cone segment 
body to a corresponding one of the T-shaped slots of the 
expansion cone support body; and 

a second T-shaped retaining member coupled to the expanston cone 
segment body; 

a spfit ring collar movably coupled to the exterior of the tubular support member 

comprising: 

a second tubular support body defining: 

N T*shaped slots for movably receiving corresponding ones of 
the second T-shaped retaining members of the 
e)qpansion cone segiDents; and 
an L-shaped retaining member coupled to the second tubular support 
body; 

a dog assembly movably coupled to the tubular support member that 
comprises: 

a first tubular sleeve defining: 

a slot for receiving and mating with the L-steped ret^ning 

member of the spilt ring collar, 
a first oounteri!x>re for receiving the first flange; and 
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a third radial passage; 
a spring received within the first countertwre; 
a retaining ring received within the first countertwre; 
a load transfer pin coupled to the nataining ring and extending through 

the third radial passage; 
a second tubular sleeve coupled to the first load transfer pin that 

defir^s: 

a first counterbore for receiving the first tubular sleeve; 
a second counterbore for receiving and mating with the 
tapered flange; and 

comprises: 

a third flange defining: 

a third counterbore for receiving the second 
flange; 

a fourth counterbore for receiving the second 

flange; and 
a fourth radial passage; and 
a resilient dog coupled to the second tubular sleeve and positioned 
adjacent to the tapered flange; and 
first and second packer cups coupled to the tubuter support member between 
the resilient dog and the third flange. 

An adjustable expansion cone assembly, comprising: 
a tubular support member comprising: 
a tubular support body; and 

an expansion cone support body coupled to the tubular support body 
comprising: 

an fJ^ided tapered tubular support member, 
wherein each side of the multi-sided tapered tubular support 
memt)er defines a T-shaped slot; 
N expansion cone segments movably coupled to the expansion cone support 
body, each comprising: 

an expansion oone segment body including arcuate conical outer 
surfeoes; 

a first T-shaped retaining member coupled to the expansion oone 

segment body for movably coupling the expansion cone segnnent 
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body to a corresponding one of the T-shaped slots of the 
expansion cone support body; and 
a second T-shaped retaining nrwmber coupled to the expansion cone 
segment body; 

a split ring collar movably coupled to the exterior of the tubular support member 
comprising: 

a second tubular support body defining: 

N T*shaped slots for niovably receiving corresponding ones of 
the second T-shaped retaining memt}ers of the 
expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular support 
body; and 

a tubular actuating sleeve movably coupled to the tubular support member that 
comprises: 

a third tubular support body defining: 

a slot for receiving and mating with the L-shaped retaining 
member of the spilt ring collar. 

An adjustable expansion cone assembly, comprising: 
a tubular support member comprising: 
a first tubular support txxJy; and 

an expansion cone support body coupled to the tubular support body 

comprising: 

a tapered tubular support member defining N stepped slots; 
an expansion cone assembly movably coupled to the tubular support member 

comprising: 

a second tubular support body movably coupled to the first tubular 

support body defining an L-shaped slot; and 
N expansion cone segments extending from the second tubular support 
nnember, each expansion oone segment comprising: 

a resilient collet coupled to the second tubular support 
memben 

an expansion cone segment body coupled to the resilient 
collet including arcMte conical outer surfaces; 
and 
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a retaining member coupled to the expansion cone 

segment txxty for movably coupling the expansion 
cone segment body to a corresponding one of the 
stepped slots of the expansion cone support 
body; 

a split ring collar nriovably coupled to the exterior of the tubular support member 
comprising: 

a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular support 
body for mating with the L-shaped slot of the second tubular 
support body of the expanston cone assembly; and 

a second L-shaped retaining nriember coupled to the third tubular body; 
and 

a tubular actuating sleeve movably coupled to the tubular support member that 
comprises: 

a thifd tubular support body defining: 

a slot for receiving and mating wKh the second L-shaped 
retaining member of the split ring collar. 

An adjustable expansion cone assembly, comprising: 
a tubular support member comprising: 
a first tubular support body; and 

an expansion cone support body coupled to the tubular support body 
comprising: 

a tapered tubular support member defining N slots; 
an expansion cone assembly movably coupled to the tubular support member 
comprising: 

a second tubular support body movably coupled to the first tubular 

support body defining an L-shaped slot; and 
N expansion cone segments extencfing from the second tubular support 
mennber. each expansk>n cone segment comprising: 

a resilient collet coupled to the second tubuter support 
member; 

an expansion cone segment body coupled to the resilient 
collet including arcuate conical outer surfaces; 
and 
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a retaining member coupled to the expansion cone 

segment body for movably coupling the expansfeNi 
cone segment body to a oonresponding one of the 
slots of the expansion cone support body; 
a split ring collar movably coupled to the exterior of the tubular support member 
comprising: 

a third tubular support body; 

a first L-shaped retaining member coupled to the third tutwlar support 
body for mating with the L-shaped slot of the second tubular 
support body; and 

a second L-shaped retaining member coupled to the third tubular 
support body; and 

a tubular actuating sleeve movably coupled to the tubular support member that 
comprises: 

a third tubular support body defining: 

a slot for receiving and mating with the second L-shaped 
reteuning member of the split ring collar. 

An adjustable expansion cone assembly, comprising: 
a tubular support member comprising: 
a first tubular support body; and 

an expansion cone support body coupled to the tubular support body 
comprising: 

a tapered tubular support memt)er defining N slots; 
an expansion cone assembly movably coupled to the tubular support member 

comprising: 

a second tubular support body movably coupled to the first tubular 

support body defining an L-shaped slot; and 
N/2 first expansion cone segments extending from the second tubular 
support member, each first expansion cone segment comprising: 
a first resilient collet cou^ded to the second tubular 

support member, 
a first expansion oone segment body coupled to the 
resilient collet Including arcuate conical outer 
surfaces; and 
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a first retaining member coupled to ttie expansion cx3ne 
segnnent l)ody for movably coupling the e)q;>ansion 
cone segment body to a con^sponding one of the 
slots of the expansion cone support body; 
N/2 second expansion cone segn^nts extending from the second 

tubular support member, each second expansion cone segment 
comprising: 

a second resilient collet coupled to the second tubular 
support member; 

a second expansion cone segment body coupled to the 
resilient collet including arcuate conical outer 
. surfaces; and 

a second retaining member coupled to the expansion 
cone segment body for movably coupling the 
expansion cone segment body to a corresponding 
one of the slots of the expansion cone support 
body; 

wherein the second expansion cone segments overlap and are 
interleaved with the first expansion cone segments; 
a split ring collar rrovably coupled to the exterior of the tubular support member 
comprising: 

a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular support 
body for mating with L-shaped slot of the second tubular support 
body; and 

a second L-shaped retaining member coupled to the third tubular 
support body; and 

a tubular actuating sleeve movably coupled to the tubular support member that 
comprises: 

a third tubular support body defining: 

a slot fot receiving and mating with the second L-shaped 
retaining member of the split ring collar. 

An adjustable expansion cone assemt>ly. comprising: 
a tubular support member comprising: 
a first tubular support body; and 
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an expansion cone support body coupled to the first tubular support 
body comprising: 

an N-sided tapered tubular support member; 
wherein each side of the multi-sided tapered tubular support 
member defines a T-shaped slot; 
W2 first expansion cone segments movably coupled to the expansion cone 
support body, each comprising: 

a first expansion cone segment body including arcuate conical outer 
surfaces; 

a first T-shaped retaining rmmber coupled to the first expansion cone 
segment body for movably coupling the first expansion cone 
segment body to a conresponding one of the.TrShaped slots of 
the expansion cone support body; and 

a second T-shaped retaining member coupled to the first expansion 
cone segment body; 
N/2 second expansion cone segments movably coupled to the expansion cone 

support body, each comprising: 

a second expansion cone segment body including arcuate conical outer 
surfaces; 

. a third T-shaped retaining member coupled to the second expansion 

cone segment body for movably coupling the second expansion 
cone segment body to a corresponding one of the T-shaped 
slots of the expansion cone support body; and 
a fourth T-shaped retaining member coupled to the expansion cone 
segment body: 

wherein the first and second expansion cone segments are interleaved; 
wlierein the first expar^ion cone segmmt bodies are complementary shaped 

with respect to the second expansion cone segment bodies; 
a split ring collar assembly movably coupled to the exterior of the tubular 
support meml)er comprising: 
a second tubular support txxJy defining: 

N T-shaped slots for movably receiving corresponding ones of 
the second and fourth T-shaped retaining members of the 
interieaved first and second expansion cone segments; 
arKi 
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an L-shaped retaining member coupled to the second tubular support 
body; and 

a tubular actuating sleeve movably coupled to the tubular support member that 

comprises: 

5 a third tubular support body defining: 

a slot for receiving and mating with the L*shaped retaining 
member of the split ring collar. 

10. An apparatus for radially expanding a tubular member, comprising: 
10 a tubular support member comprising: 

a first tubular support body defining a longitudinal passage; 

a first lug coupled to and extending from the first tubular support body in 

the radial direction; and 
a second lug coupled to and extending from the first tubular support 
1 5 body in the radial direction; 

an adjustable expansion cone assembly movably coupled to the tubular support 
memt>er; 

a first drag blodc assembly movably coupled to the tubular support member that 
comprises: 

20 a first drag blodc body coupled to the adjustable expansion cone 

assembly defining: 

a first J-shaped slot for receiving the first lug; and 
one or more first drag blocks coupled to the first drag block body; 
a second drag block assembly movably coupled to the tubular support member 
25 that comprises: 

a second drag block body defining: 

a second J-shaped slot for receiving the second lug; and 
one or more second drag blocks coupled to the second drag block body; 
and 

30 first and second packer cups coupled to the tubular support member between 

the first and second drag bk)ck assemblies. 

11- The apparatus of claim 10, wherein the tubular support member further 
comprises: 

35 an expanston cone support body coupled to the first tubular support body 

comprising: 
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an ^4-sided tapered tubular support memt)en 
wherein each side of the multi-sided tapered tubular support 
member defines a T-shaped slot; 
wherein the adjustable expansion cone assembly comprises: 

N expansion cone segments movably coupled to the expansion cone 
support body, each comprising: 

an expansion cone segment body including arcuate conical outer 
surfaces; 

a first T-shaped retaining member coupled to the expansion 
cone segment body for movably coupling the expansion 
cone segment body to a oorresponding one of the T- 
shaped slots of the expansion cone support body; and 
a second T-shaped retaining member coupled to the expansion 
cone segment body; and 
a split ring collar movably coupled to the exterior of the tubular support 
member comprising: 
a second tubular support body defining: 

N T-shaped stots for movably receiving corresponding 
ones of the second T-shaped retaining members 
of the expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular 
support body; and 
wherein the first drag btocic body further defines: 

a slot for receiving and mating with the L-shaped retaining member of 
the split ring coilar. 

1 2. The apparatus of daim 10» whmin the tubular support member further 
comprises: 

an expansion cone support body coupled to the tubular support body 
oonriprising: 

a tapered tubular support member defining N stepped slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
member comprising: 

a second tubiter si4>port body movably coupled to the first 
tubular support body defining an L-shaped slot; and 
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N expansion cone segments extending from the second tubular 
support nrtember, each expansion done segment 
comprising; 

a resilient collet coupled to the second tutnilar 
5 support member 

an expansion cone segment body coupled to the 
resilient collet including arcuate conical 
outer surfaces; and 
a retaining member coupled to the expansion 
1 0 cx)ne segment body for movably coupling 

the expansion cone segment body to a 
conresponding one of the stepped slots of 
the expansion cone support body; and 
a split ring collar nrwvably coupled to the exterior of the tubular support 
1 5 member comprising: 

a third tubular support body: 

a first L-shaped retaining member coupled to the third tubular 
support body for mating with the L-shaped slot of the 
second tubular support body; and 
20 a second L-shaped retaining member coupled to the third tubular 

support member, 
wherein the first drag block body further defines: 

a slot for receiving and mating with the second L-shaped retaining 
member of the split ring collar. 

25 

13. The apparatus of claim 10, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the first tubular support body 
comprising: 

30 a tapered tubular support member defining N slots; 

wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
member comprising: 

a second tubular support body movably coupled to the first 
3S tubular support body defining an L-shaped slot; and 
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N expansion cone segnnents extending from the second tubular 
support member, each expansion cone segment 
comprising: 

a resilient collet coupled to the second tubular 
5 support member, 

an expansion cone segment body coupled to the 
resilient collet including arcuate conical 
outer surfeces; and 
a retaining member coupled to the expansion 
10 cone segment body for movably coupling 

the expansion cone s^ment body to a 
corresponding one of the slots of the 
expansion cone support body; and 
a split ring collar movably ooupled to the exterior of the tubular support 
15 nrwml)er comprising: 

a third tubular support body; 

a first L-shaped retaining member ooupled to the third tubular 
support body for mating with L-shaped slot of the second 
tubular support body; and 
20 a second L-shaped retaining memt)er coupled to the third tubular 

support body; 
wherein the first drag block body further defines: 

a slot for receiving and mating with the second L-shaped retaining 
member of the split ring collar. 

25 

14. The apparatus of daim 10, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the tubular support body 
comprising': 

30 a tapered tubular support member defining N slots; 

wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably ooupled to the tubular support 
member comprising: 

a second tubular support body movably ooupled to the first 
35 tubular support body defining an L-shaped slot; and 
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N/2 first expansion cone segments extending from the second 
tubular support member, each first expansion cone 
segment comprising: 

a first resilient collet coupled to the second tubular 

support member; 
a first expansion cone segment body coupled to 
the resilient collet including arcuate conical 
outer surfaces; and 
a first retaining member coupled to the expansion 
cone segment body for movably coupling 
the expansion cone segment body to a 
opnesponding one of the slots of the 
expansion cone support body; 
N/2 second expansion cone segments extending from the 

second tubular support member, each second expansion 
cone segment comprising: 

a second resilient collet coupled to the second 

tubular support member; 
a second expansion cone segment body coupled 
to the resilient collet including arcuate 
conical outer surfaces; and 
a second retaining member couFried to the 

expansion cone segment body for movably 
coupling the expansion cone segment 
body to a corresponding one of the slots of 
the expansion cone suppcwt body; 
wherein the second expansion cone segments overlap 
and are interleaved with the first expansion cone 
segments; and 

split ring collar movably coupled to the exterior of the tubular support 
member comprising: 
a third tubular supped body; 

a first L-shaped retaining member coupled to the third tubular 
support body for mating with the L-shaped slot of the 
second tubular support body; and 
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a second L-shaped retaining member coupled to the third tubular 
support body; 
wherein the first drag block body further defines: 

a slot for receiving and mating with the second L-shaped retaining 
5 member of the split ring ootlao*. 

1 5. The apparatus of daim 10, wherein the tubular support mennber further 
comprises: 

an expansion cone support body coupled to the first tubular support body 
10 comprisir^: 

an N-sided tapered tubular support member; 
wherein each side of the multi-sided tapered tubular support 
member defines a T-shaped slot; 
wherein the adjustable expansion cone assembly comprises: 
15 N/2 first expansion cone segments movably coupled to the expansion 

cone support body, each comprising: 
a first expansion cone segment body including arcuate conical 
outer surfaces; 

a first T-shaped retaining member coupled to the first expansion 
20 cone segment body for movably coupling the first 

expansion cone segment bo6y to a corresponding one of 
the T-shaped slots of the expansion cone support body; 
and 

a second T-shap^ retaining member coupled to the first 
25 expansion cone segment body; 

N/2 second expansion cone segments movably coupled, to the 
expar^ion cone support body, each comprising: 
a second expansion cone segment body including arcuate 
conical outer surteoes; 
30 a third T-shaped retaining member coupled to the second 

expansion cone segment body for nrKDvably coupling the 
second expansion cone segment t>ody to a 
corresponding one of the T-shaped slots of the expansion 
cone support body; and 
35 a fourth T-shaped reteining member coupled to the expansion 

cone segment body; 
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wherein the first and second expansion cone segnnents are interleaved; 
wherein the first expansion cone segment bodies are complementary 

shaped with respect to the second expansion cone segment 

bodies; and 

a split ring collar assembly movably coupled to the exterior of the tubular 
support member comprising: 
a second tubular support body defining: 

N T-shaped slots for movably receiving corresponding 
ones of the second and fourth T-shaped retaining 
members of the interieaved first and second 
expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular 
support body; and 
wherein the first drag block body further defines: 

a slot for receiving and mating with the L-shaped retaining member of 
the split ring collar. 



An apparatus for radially expanding a tubular member, comprising: 
a tubular support member comprising: 

a first tubular support body defining a longitudinal passage; 

a first flange coupled to the first tubular support body; 

a second flange coupled to the first tubular support body; 

a first tapered flange coupled to the first tubular support body; and 

a second tapered flange coupled to the first tubular support body; 
an adjustable expansion cone assembly movably coupled to the tubular support 

n^Tiben 

a first collet assembly movably coupled to the tubular support member that 
comprises: 

a first tubular sleeve coupled to the adjustable expansion cone 
assembly and defining: 

a first counterbore for receiving the first flange; and 

a first radial passage; 
a first spring received within the first countertxKe; 
a first retaining ring received within the first counterbore; 
a first load transfer pin coupled to the first retaining ring and extending 

through the first radial passage; 
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a second tubular sleeve coupled to the first load transfer pin; 
a first resilient collet coupled to the second tubular sleeve and 

positioned above the first tapered flange; and 
a third tubular sleeve coupled to the first resilient collet; 
a second collet assembly movably coupled to the tubular support member that 
comprises: 

a fourth tubular sleeve defining: 

a second countertwre for receiving the second flange; and 

a secorxi radial passage; 
a second spring received within the second counterbore; 
a second retaining ring received within the second counterbore; 
a second load transfer pin coupled to the second retaining ring and 

extending through the second radial passage; 
a fifth tubular sleeve coupled to the second load transfer pin; 
a second resilient coRet coupled to the fifth tubular sleeve and 

positioned above the second tapered flange; and 
a sixth tubular sleeve coupled to the second resilient oollet; and 
first and second packer cups coupled to the tubular support member between 
the first and second collet assemblies. 

17. The apparatus of claim 16. wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the first tubular support body 
comprising: 

an N-sided tapered tubular support niember; 
wherein each side of the multi-sided tapered tubular support 
n^ember defines a T-shaped slot; 
wherein the adjustable expansion cone assembly comprises: 

N expansion cone segments movably coupled to the expansion cone 
support body, each comprising: 

an expansion cone segment body including arcuate conical outer 
surfaces; 

a first T-shaped retaining member coupled to the expansion 

cone segnnent body for movably coupling the expanston 
cone segnnent body to a corresponding one of the T* 
shaped stots of the expansion cone support body; and 



96 



a secx>nd T-shaped retaining member coupled to the expansion 
cone segment body; and 
a split ring collar movably coupled to the exterior of the tubular support 
member comprising: 
5 a second tubular support body defining: 

N T-shaped slots for movably receiving corresponding 
ones of the second T-shaped retaining members 
of the expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular 
10 support body; and 

wherein the first tubular sleeve of the first collet assiembly further defines: 

a slot for receiving and mating with the L-shaped retaining member of 
the split ring collar. 

IS 18. The apparatus of daim 16, wherein the tubular support member further 
comprises! 

an expansion cone support body coupled to the tubular support body 
comprising: 

a tapered tubular support member defining N stepped slots; 
20 wherein the adjustable expansion oone assembly comprises: 

an expansion oone assembly movably coupled to the tubular support 
member comprising: 

a second tubular support body movably coupled to the first 
tubular support txxly defining an L-shaped slot; and 
25 N expansion cone segments extending from the second tubular 

support member, each expansion cone segment 
comprising: 

a resilient collet coupled to the secortd tubular 
support merr^n 

30 an expansion cone segment body coupled to the 

resilient collet including arcuate conical 
outer surfaces; and 
a retaining memt)er coupled to the expansion 

cone segment body for nfiovsA)ly coupling 

35 the expansion oone segment body to a 
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corresponding one of the stepped slots of 
the expansion cone support txxly; and 
a split ring cellar movably coupled to the exterior of the tubular support 
member comprising: 
5 a third tubular support txxly: 

a first L-shaped retaining member coupled to the third tubular 
support body for mating with the L-shaped slot of the 
second tubular support body; and 
a second L-shaped retaining member coupled to the third tubular 
10 support member; 

wherein the first tubular sleeve of the first coHet assembly further defines: 
a slot for receiving and mating with the second L-shaped retaining 
member of the split ring collar. 

15 19. The apparatus of daim 16, wherein the tubular support member further 
comprises: 

an expansion cone support body ooupled to the First tubular support body 
comprising: 

a tapered tubular support member defining N slots; 
20 wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
member comprising: 

a second tubular support body movably coupled to the first 
tubular support body defining an L-shaped slot; and 
25 N expansion cone segments extending from the second tubular 

support member, each expansion cone segnient 
comprising: 

a resilient collet coupled to the second tubular 
sij9)portmemt>er; 

30 an expansion cone segment body coupled to the 

resilient collet including arcuate conical 
outer surfaces; and 
a retaining member coupled to the expansion 
cone segment body for movably coupling 

35 the expansion cone segment body to a 
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corresponding one of the slots of the 
expansion cone support body; and 
a split ring collar movably coupled to the exterior erf the tubular support 
member comprising: 
5 a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular 
support body for mating with L-shaped slot of the second 
tubular support body; and 
a second L-shaped retaining member coupled to the third tubular 
10 support body; 

wherein the first tubular sleeve of the first collet assembly further defines: 
a slot for receiving and mating with the second L-shaped retaining 
member of the split ring collar. 

15 20. The apparatus of daim 16» wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the tubular support body 
comprising: 

a tapered tubular support member defining N slots; 
20 wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
member comprising: 

a second tubular support body movably coupled to the first 
tubular support body defining an L-shaped slot; and 
25 N/2 first expansion cone segments extending from the second 

tubular support memt>er, eadi first expansion cone 
segment comprising: 

a first resilient collet coupled to the second tubular 
support member, 

30 a first expansion cone segment body coupled to 

the resilient collet including arcuate conical 
outer surfaces; and 
a first retaining member coupled to the expansion 
cone segrinent body for movably coupling 

35 the expansion OGine segment body to a 
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corresponding one of the slots of the 
expansion cone support body; 
N/2 second expansion cone segments extending front the 

second tubular support member, ea<^ second expansion 
5 cone segment comprteing: 

a second resilient collet coupled to the second 

tubular support member, 
a second expansion cone segment body coupled 
to the resilient collet Including arcuate 
10 conical outer surfaces; and 

a second retaining member coupled to the 

expansion cone segment body for movably 
coupling the expansion cone segment 
body to a corresponding one of the slots of 
15. the expansion cone support body; 

wherein the second expansion cone segments overlap 
and are interleaved with the first expansion cone 
segments; and 

a split ring cdlar movably coupled to the exterior of the tubular support 
20 member comprising: 

a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular 
support tKxJy for mating with the L-shaped slot of the 
second tubular support body; and 
25 a second L-shaped retaining member coupled to the third tubular 

support body; 

wherein the first tubular sleeve of the first collet assembly further defines: 
a slot for receiving and mating with the second L-shaped retaining 
member of the split ring collar. 

30 

21 . The apparatus of daim 16. wherein the tubular support member further 
comprises: 

an expanston cone support body coupled to the first tubular support body 
comprising: 

35 an N-sided tapered tubular support member. 
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wherein each side of the multHsided tapered tubular support 
member defines a T-shaped slot; 
wherein the adjustable expansion cone assembly comprises: 

N/2 first expansion cone segments movably coupled to the expansion 
5 cone support body, each comprising: 

a first expansion cone segment body including arcuate conical 
outer surfaces; 

a first T-shaped retaining member coupled to the first expansion 
cone segment body for movably coupling the first 
1 0 expansion cone segment body to a corresponding one of 

the T-shaped slots of the expansion cone support body; 
and 

a second T-shaped retaining member coupled to the first 
expansion cone segment body; 
1 5 N/2 second expansion cone segments nravably ooupled to the 

expansion cone support body, each comprising: 
a second expansion cone segment body including arcuate 

conical outer surfeces; 
a third T-shaped retaining member coupled to the second 
20 expansion cone segment body for movably coupling the 

second expansion cone segment body to a 
conresponding one of the T-shaped slots of the expansion 
cone support body; and 
a fourth T-shaped retaining member coupled to the expansion 
25 cone segment body; 

wherein the first and second expansion cone segments are Interteaved; 
wherein the first expansion cone segment bodies are complementary 
shaped with respect to the second expansion cone segment 
bodies; and 

30 a split ring collar assembly nrwvably coupled to the exterior of the tubular 

support member comprising: 
a second tubular support body defining: 

N T-shaped stots for movably receiving corresponding 
ones of the second and fourth T-shaped retaining 
35 members of the interteaved first and second 

expansion cone segments; and 
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an L-shaped retaining nnenriber coupled to the second tubular 
support body; and 

wherein the first tubular sleeve of the first collet assembly further defines: 

a slot for receiving and mating with the L-shaped retaining memt)er of 
the split ring collar. 



An apparatus for radially expanding a tubular niember, comprising: 
a tubular support nnember comprisirig: 

a first tubular support body defining a longitudinal passage; 

a first radial passage defined in the first tubular support body fluididy 
coupled to the tongitudinal passage; 

a first flange coupled to the first tubular support body; 

a second flange coupled to the first tubular support body; 

a first tapered flange coupled to the first tubular support body; and 

a second tapered flange coupled to the first tubular support body; 
an adjustable expansion cone assembly movably coupled to the tubular support 

member; 

a first dog assembly movably coupled to the tubular support member that 
comprises: 

a first tubular sleeve coupled to the adjustable expansion cone 
assembly defining: 

a first counterbore for receiving the first flange; and 

a second radial passage; 
a fir^ spring received within the first countertxxe; 
a first retaining ring received within the first counterbore; 
a first load transfer pin coupled to the first retaining ring and extending 

through the second radial passage; 
a second tubular sleeve coupled to the first load transfer pin defining: 

a second countert)ore for reoehring the first tubular sleeve; 
a first resilient dog coupled to the second tubular sleeve and positioned 

adjacent to the first tapered flange; 
a second dog assemt>ly movably coupled to the tubular support member that 
comprises: 

a third tubular sleeve defirung: 

a second countertx>rB for recehnng the second flange; 
a third radial passage; and 
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a fourth radial passage fluididy coupled to the first radial 
passage; 

a second spring received within the second counterfoore; 
a second retaining ring received within the second countert)ore; 
5 a second load transfer pin coupled to the second retaining ring and 

extending through the third radial passage; 
a fourth tubular sleeve coupled to the second load transfer pin; 
a second resilient dog coupled to the fourth tubular sleeve and 
positioned adjacent to the second tapered flange; and 
10 first and second padcer cups coupled to the tubular support member between 

the first and second dog assemblies. 



23. The apparatus of daim 22, wherein tiie tubular support member further 
comprises: 

1 5 an expansion cone support body coupled to the first tubular support body 

comprising: 

an N-sided tapered tubular support member; 
wherein each side of the multi-sided tapered tubular support 
member defines a T-shaped slot; 
20 wherein the adjustable expansion cone assembly comprises: 

N expansion cone segments movably coupled to the expansion cone 
support body, each comprising: 

an expansion cone segment body including arcuate conical outer 
surfaces; 

25 a first T-shaped retaining member coupled to the expansion 

cone segment tKxJy for movably coupling the expansion 
cone segment txxfy to a corresponding one of the T- 
shaped slots of the expansion cone support body; and 
a second T-shaped retaining member coupled to the expansion 
30 cone segment body; and 

a split ring collar movably coupled to the exterior of the tubular support 
member comprising: 
a second tubular support body defining: 

N T-shaped slots for movably receiving corresponding 
35 ones of the second T«shaped retaining members 

of the expansion cone segments; and 
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an L*shaped retaining member coupled to the second tubular 
support body; and 

wherein the first tubular sleeve of the first dog assembly further defines: 

a slot for receiving and mating with the L-shaped retaining member of 
5 the split ring collar. 

24. The apparatus of claim 22, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the tubular support body 
10 comprising: 

a tapered tubular support member defining N stepped slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
member comprising: 

1 5 a second tubular support body movably coupled to the first 

tubular support body defining an L-shaped slot; and 
N expansion cone segments extending firom the second tubular 
support member, each expansion cone segment 
comprising: 

20 a resilient collet coupled to the second tubular 

support member, 
an expansion cone segment body coupled to the 
resilient collet induding arcuate conical 
outer surfaces; and 

25 a retaining member coupled to the expansion 

cone segment body for movably coupling 
the expansion cone segment body to a 
conBsponding one of the stepped slots of 
the expansion cone support body; and 
30 a split ring coRar movably coupled to the exterior of the tubular support 

member comprising: 
a third tubular support body: 

a first L-shaped retaining member coupled to the third tubular 
support body for mating with the L-shaped slot of the 
35 second tubular support body; and 
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a second L-shaped retaining member coupled to the third tubular 
support member, and 
wherein the first tubular sleeve of the first dog assembly further defines: 
a slot for receiving and mating with the second L-shaped retaining 
5 member of the split ring collar. 

25. The apparatus of daim 22. wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the first tubular support body 
10 comprising: 

a tapered tubular support member defining N slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
member comprising: 

a second tubular support body movably coupled to the first 
tubular support body defining an L-shaped slot; and 

N expansion cone segments extending fronn the second tubular 
support member, each expansion cone segment 

comprteing: 

a resilient collet coupled to the second tubular 

support member, 
an expansion cone segment body coupled to the 

resilient collet including arcuate conical 

outer surfaces; and 

25 a retaining member coupled to the expansion 

cone segment body for movably coupling 
the expansion cone segment t)ody to a 
corresponding one of the slots of the 
expansion cone support body; and 
30 a split ring collar movably coupled to the exterior of the tubular support 

member comprising: 
a third tubular support body; 

a first L-shaped retaining member coupled to the third tubular 
support body for mating with L-shaped slot of the second 
35 tubular support body; and 



105 



a second L-shaped retaining member coupled to the third tubular 
support body; and 
wherein the first tubular sleeve of the first dog assembly further defines: 
a slot for receiving and mating with the second L-shaped retainirq 
member of the split ring collar. 



26, The apparatus of claim 22, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the tubular support body 
comprising: 

a tapered tubular support member defining N slots; 
wherein the adjustable expanston cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
member comprising: 

a second tubular support body movably coupled to the first 
tubular support body defining an L-shaped slot; and 
N/2 first expansion cone segments extending from the second 
tubular support member, each first expansion cone 
segment comprising: 

a first resilient collet coupled to the second tubular 

support member, 
a first expansion cone segment body coupled to 
the resilient collet including arcuate conical 
outer surfaces; and 
a first retaining member coupled to the expansion 
cone segn^nt txxly for movably coupling 
the expansion cor^ segment body to a 
corresponding one of the stots of the 
expansion cone support txxiy; 
N/2 second expansion cone segments extending from the 

secmd tubular support member, each second expansion 
cone segment comprising: 

a second resilient collet coupled to the second 
tubular support member; 
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a second expansion cone segment body coupled 
to the resilient collet including arcuate 
conical outer surfaces; and 
a second retaining member coupled to the 
5 expansion cone segment body for movably 

coupling the expansion cone segment 
body to a corresponding one of the slots of 
the expansion cone support body; 
wherein the second expansion cone segments overlap 
10 and are interleaved with the first expansion cone 

segments; and 

a split ring collar movably coupled to the exterior of the tubular support 
member comprising: 
a third tubular support body; 
15 a first L-shaped retaining member coupled to the third tubular 

support body for mating with the L-shaped slot of the 
second tubular support body; and 
a second L*shaped retaining member coupled to the third tubular 
support t)ody; and 

20 wherein tlie first tubular sleeve of the first dog assembly further defines: 

a slot for receiving and mating with the second L-shaped retaining 
member of the split ring collar. 



27. The apparatus of dalm 22, wherein the tubular support member further 
25 comprises: 

an expansion cor^ support body coupled to the first tubular support body 
comprising: 

an N-sided tapered tubular support member; 
wherein each side of the multi-sided tapered tubular support 
30 member defines a T-shaped slot; 

wherein the adjustable expansion cone assembly comprises: 

N/2 first expansion cone segments m0vat>iy coupled to the expansion 
cone support body, each comprising: 
a first expansion cone segment body including arcuate conical 
35 outer surfaces; 
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a first T-shaped retaining member coupled to the first expansion 
cone segment l>ody for movaWy coupling the first 
expansion cone segment body to a corresponding one of 
the T-shaped slots of the expansion cone support body; 
and 

a second T-shaped retaining member coupled to the first 
expansion oone segment body; 
N/2 second expansion cone segments movably coupled to the 
expansion oone support body, each comprising: 
a second expansion cone segment body including arcuate 
conical outer surfoces; 
• a third Trshaped retaining meinberooi9>ied to the second 

expansion cone segment body for movably coupling the 
second expansion cone segment body to.a 
corresponding one of the T-shaped slots of the expansion 
oone support body; and 
a fourth T-shaped retaining member coupled to the expansion 
oone segn)ent body; 
wherein the first and second expansion cone segments are interleaved; 
wherein the first expansion cone segment bodies are complementary 
shaped with respect to the second expansion cone segment 
bodies; and 

a split ring collar assembly movably coupled to the exterior of the tubular 
support member comprising: 
a second tubular support body defining: 

N T-shaped slots for movably receiving conresponding 
ones of the second and fourth T-shaped retaining 
memt>ers of the interieaved first and second 
expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular 
support body; and 
wherein the first tubular sleeve of the first dog assembly further defines: 

a slot for receiving and mating with the L-shaped retaining member of 
the split ring collar. 



An apparatus for radially expanding a tubular member, oomprishftg: 
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a tubular support member comprising: 

a first tubular support body defining a tongitudinal passage including a 
throat passage; 

a first radial passage defined in the first tubular support body fluididy 

coupled to the longitudinal passage; 
a first fierce coupled to the first tubular support body; 
a second flange coupled to the first tubular support body defining: 

a second radial passage defined in the second fiange fluididy 
coupled to the longitudinal passage; and 
an adjustable expansion cone assembly nnovably coupled to the tubular support 
member, 

a dog assembly movably coupled to the tubular support member that 
comprises: 

a first tubular sleeve coupled to the adjustable expansion cone 
assembly defining: 

a first countert)ore for receiving the first flange; and 

a third radial passage; 
a spring received within the first countert)ore; 
a retaining ring receh^ed within the first countert>ore; 
a load transfer pin coupled to the retaining ring and extending through 

the third radial passage; 
a second tubular sleeve coupled to.the first load.transfer pin that 

defines: 

a first countert)ore for receiving the first tubular sleeve; 
a second countert)ore for receiving and mating with the 
tapered flange; and 

comprises: 

a third flange defining: 

a third counterbore for receiving the second 
flange; 

a fourth counterbore for receiving the second 

flange; and 
a fourth radial passage; and 
a resilient dog coupled to the second tubular sleeve and positioned 
adjacent to the tapered flange; and 



109 



first and second packer cups coupled to the tubular support member t>etween 
the resilient dog and the third flange. 

29. The apparatus of claim 28, wherein the tubular support member further 
5 comprises: 

an expansion cone support body coupled to the first tubular support body 
comprising: 

an N-sided tapered tubular support member; 
wherein each side of the multi>sid^ tapered tubular support 
1 0 nr^t>er defines a T-shaped slot; 

wherein the adjustable expansion cone assembly comprises: 

N expansion cone segments nriovably coupled to the expansion cone 
support body, each comprising: 

an expansbn cone segnnent body including arcuate conical outer 
15 surfaces; 

a first T*shaped retalrilng member coupled to the expansion 
cone segment body for nruyvably coupling the expansion 
cone segment body to a oonBsponding one of the T- 
shaped ^ts of the expansion cone support body; and 
20 a second T-shaped retaining member coupled to the expansion 

cone segment body; and 
a split ring collar movably coupled to the exterior of the tubular support 
member comprising: 
a second tubular support body defining: 
25 N T-shaped slots for movably receiving corresponding 

ones of the second T-shaped retaining members 
of the expansion cone segments; and 
an L-shaped retaining member coupled to the second tubular 
support body; and 

30 whertin the first tubular sleeve of the dog assembly further defines: 

a slot for receiving and mating with the L-shaped retaining member of 
the split ring collar. 



30. The apparatus of dam 28. wherein the tubular support member further 
35 comprises: 
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an expansion cone support body coupled to the tubular support txxiy 
comprising: 

a tapered tubular support member defining N stepped slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
member comprising: 

a second tubular support body nrK>vably coupled to the first 
tubular support body defining an L-shaped slot; and 
N expansion cone segments extending from the second tubular 
support member, each expansion cone segment 
comprising: 

a resilient collet coupled to the second tubular 

support member, 
an expansion cone segnient body coupled to the 
resilient collet including arcuate conical 
outer surfaces; and 
a retaining member coupled to the expansion 
cone segment body for movably coupling 
the expansion cone segment body to a 
corresponding one of the stepped slots of 
the expansion cone support body; and 
a split ring collar movably coupled to the exterior of the tubular support 
member comprising: 
a third tubular support body: 

a first L*shaped retaining member coupled to the third tubular 
support body for m.3ting with the L-shaped slot of the 
second tubular support txxJy; and 
a second L-shaped retaining member coupled to the third tubular 
support member; and 
wherein the first tubular sleeve of the dog assembly further defines: 

a slot for receiving and noting with the second L-shaped retaining 
member of the split ring collar. 



The apparatus of dalm 28, wherein the tubular support member fi^er 
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an expansion cone support body coupled to the first tubular support body 
con^}rising: 

a tapered tubular support member defining N slots; 
wherein the adjustable expansion cx^ne assembly comprises: 
5 an expansion cone assembly movably coupled to the tubular support 

member comprising: 

a second tubular support body movably coupled to the first 
tubular support body defining an L-shaped slot; and 
N expansion cone segments extending from the second tubular 
10 support member, each expansion cone segment 

comprising: 

a resilient ooDet coupled to the second tubular 

support memben 
an expansion cone segment body coupled to the 
1 5 resilient collet including arcuate conical 

outer surfaces; arx) 
a retaining member coupled to the expansion 
cone segment body for movably coupling 
the expansion cone segment body to a 
20 corresponding one of the slots of the 

expansion cone support body; and 
a split ring collar movably coupled to the exterior of the tubular support 
member comprising: 
a third tubular support body; 
25 a first L-shaped retaining menf)t>er coupled to the third tubular 

support body for mating with L-shaped slot of the second 
tubular support body; and 
a second L-shaped retaining member coupled to the third tubular 
support body; and 

30 wherein the first tubular sleeve of the dog assembly further defines: 

a slot for receiving and maUrg with the second Ushaped retaining 
member of the split ring collar. 



32. The apparatus of daim 28, wherein the tubular support member further 
35 comprises: 
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an expansion cone support body coupled to the tubular support body 
comprising: 

a tapered tubular support nrmmber defining N slots; 
wherein the adjustable expansion cone assembly comprises: 

an expansion cone assembly movably coupled to the tubular support 
member comprising: 

a second tubular support body movably coupled to the first 
tubular support body defining an L-shaped slot; and 
N/2 first expar^ion cone segments extending from the second 
tubular support member, each first expansion cone 
segment comprising: 

a first resilient collet coupled to the second tubular 

support member, 
a first expansion cone segment body coupled to 
the resilient collet including arcuate conical 
outer surfaces; and 
a first retaining member coupled to ttie expansion 
cone segment body for movably coupling 
the expansion cone segment tKxiy to a 
corresponding one of the slots of the 
expansion cone support body; 
N/2 second expansion cone segments extending from the 

second tubular support member, each second expansion 
cone segment comprising: 

a second resilient collet coupled to the second 

tubular support member; 
a second expansion cone segment body coupled 
to the resilient collet including arcuate 
conical outer surftices; and 
a second retaining member coupled to the 

expansion cone segment body for nnovably 
coupling the expansion cone segment 
body to a corresponding one of the slots of 
the expansion cone sunx>rt body; 
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wherein the second expansion cone segments overtap 
and are interleaved with the first expansion cone 
segments; and 

a split ring collar nrK>vably coupled to the exterior of the tubular support 
5 member comprising: . 

a third tubular support body; 

a first L-shaped retaining memt)er coupled to the third tubular 
support body for nnating with the L-shaped slot of the 
second tubular support body; and 
i 0 a second L-shaped retaining member coupled to the third tubular 

support body; and 
wherejn the first tubular sleeve of the dog assembly further defines: 

a slot for receiving and nriating with the second L-shaped retaining 
member of the spilt ring collar. 

15 

33. Thb' apparatus of daim 28, wherein the tubular support member further 
comprises: 

an expansion cone support body coupled to the first tubular support body 
comprising: 

20 an N-sided tapered tubular support member 

wherein each side of the muKl^sided tapered tubular support 
member defines a T-shaped slot; 
wherein the adjustable expansion cone assembly comprises: 

N/2 first expansion cone segments movably coupled to the expansion 
25 cone support body, each comprising: 

a first expansion cone segment body including arcuate conical 
outer surfaces; 

a first T-shaped retaining member coupled to the first expansion 
cone segment body for movably coupling the first 
30 expansion oone segment body to a corresponding one of 

the T-shaped slots of the expansion cone support body; 
and 

a second T-shaped retaining member coupled to the first 
expansion cone segment body; 
35 N/2 second expansion cone segments nKyvably coupled to the 

expansion cone support body» each comprising: 
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a second expansion cone segment body including arcuate 

conical outer surfaces; 
a third T-shaped retaining niemt>er coupled to the second 

expansion cone segment body for movabty coupling the 
5 second expansion cone segment body to a 

conBsponding one of the T-shaped slots of the expansion 

cone support body; and 
a fourth T-shaped retaining member coupled to the expansion 

cone segment body; 

10 wherein the first and second expansion cone segments are interleaved; 

wherein the first expansion, cone segment bodies are complementary 
shaped with respect to the second expanslon cone segment 
bodies; and 

a split ring collar assembly nnovabty coupled to the exterior of the tubular 
15 support member comprising: 

a second tubular support body defining: 

N T-shaped slots for movably receiving corresponding 
ones of the second and fourth T-shaped retaining 
memters of the interleaved first and second 
20 expansion cone segments; and 

an L'Shaped retaining member coupled to the second tubular 
support body; and 
wherein the first tubular sleeve of the dog assembly further defines: 

a slot for receiving and mating with the L-shaped retaining member of 
25 the split ring collar. 

An apparatus for radially expanding a tubular member, comprteing: 
a tubular support member. 

an adjustable expansion cone assenrtbiy movably coupled to the tubular support 
member; and 

means for adjusting the adjustable expansion cone assembly. 



34. 



30 



35 



35. The apparatus of daim 34. wherein the means for adjusting the adjustable 
expanston cone assembly comprises: 

frictionai means for adjusting the adjustable expansion cone assembly. 
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36. The apparatus of daim 34, wherein the means for adjusting the adjustable 
expansion cone assembly comprises: 

resilient means for adjusting the adjustable expansion cone assembly. 

37. An adjustable expansion cone assembly, comprising: 
a tubular support member, 

an adjustable expansion cone movably coupled to the tubular support member, 

comprising: 

a plurality of expansion cone segments; and 
means for guiding the expansion cone segments on the tubular support 
member; and 
means for adjusting the adjustable expansion cone. 

38. The adjustable expansion cone assembly of dalm 37, wherein the adjustable 
expansion cone further comprises: 

means for interiocking the expansion cone segments. 

39. The adjustable expansion cone assembly of daim 37, wherein the means for 
adjusting the adjustable expansion cone comprises: 

resilient means for supporting the expansion cone segments. 

40. The adjustable expansion cone assembly of daim 37. wherein the expansion 
cone segments indude first and second interieaved groups of expansion cone 
segments. 

41 . The adjustable e)q}ansk)n cone assembly of daim 40. wherein the means for 
adjusting the adjustable expansion cone comprises: 

means for displadng the first and second interieaved groups of expansion cone 
segments in opposite directions. 

42. A method of operating an adjustable expansion cone assembly comprising a 
plurality of expansion cone segments, comprising: 

guiding the expansion cone segments on a tapered body; and 

controllably displadng the expansion cone segments along the tapered body. 



43. The method of daim 42, further comprising: 
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resiliently guiding the expansion cone segments on the tapered body. 

44. The method of daim 42. further comprising: 
Interiocking the expansion cone segments. 

45. The methcxl of claim 42. further comprising: 

dividing the expansion cone segments into first and second groups of 

expansion cone segments; and 
Interleaving the first and second groups of expansion cone segments. 

46. The method of claim 45, further comprising: 

overiapping the first and second groups df expansion cone segments. 



47. The method of daim 45, wherein oontrollably displadng the expansion cone 
1 5 segments along the tapered body comprises: 

displadng the first and second interieaved groups of expansion cone segments 
in opposite directions. 



48. A method of operating an adjustable expansion cone assembly comprteing a 
20 plurality of expansion cone segments, comprising: 



guiding the expansion cone segments on a multi-sided tapered body; 
interiocking the expansion cone segments; and 

controllably displadng the expansion cone segments along the tapered body. 

25 

49. A method of operating an adjustable expartston cone assembly comprising a 
plurality of expansbn cone segments, comprising: 

resiliently gukling the expansion cone segments on a multi-sided tapered body; 
guUing each of the expansion cone segments on opposHe sides in the 
30 droumferenUal direction; 

interiocking the expansion cone segments; and 

controllably displadng the expansion cone segments along the tapered body. 

50. A method of operatirtg an adjustable expansion cone assembly compri^ng a 
35 plurafity of expansk>n cone segments, comprising: 
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dividing the expansion cone segments into first and second groups of 

expansion cone segments; 
interleaving the first and second groups of expansbn cone segments; 
overlapping the first and second groups of expansion cone segments; 
5 resiliently guiding the expansion cone segments on a multi-sided tapered body; 

guiding each of the expansion cone segments on opposite sides in the 

circumferential direction; and 
controllably displacing the expansion cone segments along the tapered body. 



10 

51 . A method of operating an adjustable expansion cone assembly comprising a 
plurality of expansion cone segments, comprising: 

dividing the expansion cone segments into first and second groups of 
. expanston cone segments; 
1 5 interleaving the first and second groups of expansion cone segments; 

guiding the expansion cone segments on a multi-sided tapered body; and 
controllably displacing the expansion cone segments along the tapered body 
while also relatively displacing the first and second groups of expansion 
cone segments in opposite directions. 

20 

52. A method cA plastically defonming and radially expanding an expandable tubular 
member using an apparatus comprising a tubular support member, an adjustat^le 
expansion cone assembly movably coupled to the tubular support member, and an 
actuator movably coupled to the tubular support member for adjusting the adjustable 

25 expansion cone assembly, comprising: 

coupling a first end of the expandable tubular member to a tubular stmcture; 

ioclcing the actuator to the tubular support nr>ember of the apparatus; 

inserting the apparatus into the first end of the expandable tubular member; 

moving the actuator and the adjustable expansion cone assembly of the 
30 apparatus out of the second end of the expandable tubular member, 

reinserting the actuator of the apparatus Into the second end of the expandable 
tubular member, 

unlocking the actuator from the tubular support member of the apparatus; 
rotating the actuator relath/e to the tubular support member of the apparatus; 
35 and 
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increasing the outside diameter of the adjustable expansion cone assembly by 
nH>ving the tubular support member relative to the actuator, the 
adjustable expansion cone assembly, and the expandable tubular 
memt>en and 

5 plastically deforming and radially expanding the expandable tubular member by 

moving the adjustable expansion cone assembly through the 
expandable tubular member. 

53. The method of claim 52, wherein the tubular support member includes one or 
10 more lugs; wherein the actuator includes one or more corresponding retaining slots; 

and wherein locking comprises positiomng the lugs into the corresponding retaining 
slots. 

54. The method of claim 52, wherein the tubular support member includes one or 
1 5 more lugs; wherein the actuator includes one or more corresponding retaining slots; 

and wherein untocking comprises positioning the lugs out of engagement with 
corresponding retaining slots. 

55. The method of daim 52, wherein moving the tubular support member relative to 
20 the actuator, the adjustable expanston cone assembly, and the expandable tubular 

member comprises: 

the actuator frictionaliy engaging the expandable tubular member. 

56. The method of daim 52, wherein moving the adjustable expansion cone 
25 assembly through the expandable tubular member comprises: 

pulling the adjustable expansion cone through the expandable tubular member. 

57. The method of daim 52, further comprfeing: 

fluididy sealing the interfcice between the tubular support member of the 
30 apparatus and the expandable tubular memben 

wherein nrK)ving the adjustable expansion cone assembly throiK|h the 

expandable tubular nwnber comprises: 
injecting a pressurized fluM Into the tubular support member. 



35 



58. A method of plastically deforming and radially expanding an expandable tubular 
member using an apparatus comprising a tubular support member, an adjustable 
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expansion cone assembly movably coupled to the tubular support member, and an 
actuator movably coupled to the tubular support member for adjusting the adjustable 
expansion cone assembly, comprising: 

coupling a first end of the expandable tubular member to a tubular structure; 
5 inserting the apparatus into the first end of the expandable tubular member in a 

first direction; 

displacing the actuator of the apparatus in a second directbn opposite to the 
first direction; 

applying a resilient basing force to ttie adjustable expansion cone assembly in 
10 the second direction; 

nrxiving the actuator and the adjustable expansion cone assembly of the 

apparatus out of ttie second end of the expandable tubular member; 
reinserting the actuator of the apparatus into the second end of the expandable 
tubular member in the second direction; 
1 5 increasing the outside diameter of the adjustable expansion cone assembly by 

displacing the actuator and the adjustable expansion cone assembly 
relative to the expandable tubular member In the first direction; and 
plastically deforming and radially expanding the expandable tubular men^r by 
moving the adjustable expansion cone assembly through the 
20 expandable tubular member in the second direction. 

59. The method of daim 58. wherein displacing the actuator of the apparatus in the 
second direction comprises: 

impacting the actuator with the first end of the expandable tubular member. 

25 

60. The nrtethod of daim 58, wtierein dspladng the actuator and the adjustable 
expansion cone assembly relative to the expandable tubular member in the first 
direction comprises: 

impacting the actuator with the second end of the expandable tubular member. 

30 

61 . The method of daim 58, wherein nrtoving the adjustable expansion cone 
assembly through the expandable tubular member comprises: 

pulling the adjustable expansion cone through the expandable tubular member. 

35 62. The method of daim 58, further comprising: 
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fluididy sealing the interface between the tubular support memt>er of the 

apparatus and the expandable tubular niember. 
wherein moving the adjustable expansion cone assembly through the 

expandable tubular member comprises: 
5 injecting a pressurized fluid into the tubular support member. 

63. An adjustable expansion cone assembly, comprising: 
a plurality of expansion cone segments; 

means for guiding the expansion cone segments on a tapered body; and 
means for controllabty displacing the expansion cone segments along the 
tapered body. 

The assembly of daim 63. further comprising: 

means for resiliently guiding the expansion cone segnrtents ori the tapered 
body. 

The assembly of daim 63, further comprising: 
means for interiocking the expansion cone segments. 

The assembly of daim 63. further comprising: 

means for dividing the expansion cone segments into first and second groups of 

expansion cone segments; and 
means for interieaving the first and second groups of expansion cone 
segments. 

The assembly of daim 66. further comprising: 
means for overiapping the first and second groups of expansion com 
segments. 

30 66. The assembly of daim 66, wherein the means for controllably displadng the 
expansion cone segments along the tapered body comprises: 

means for displadng the first and second interleaved groups of expansion cone 
segments in oppose directions. 

35 69. An adjustable expansion cone assennbty, comprising: 
a plurality of expansion cone segment; 



64. 

15 

65. 
20 66. 

25 

67. 
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means for guiding the expanston cone segments on a multi-sided tapered body; 
means for interlocking the expansion cone segments; and 
means for controllably displacing the expansion cone segments along the 
tapered body. 

An adjustable expansion cone assembly, comprising: 
a plurality of expansion cone segments; 

means for resilientJy guiding the expansion cone segments on a multi-sided 
tapered body; 

means for guiding each of the expansion cone segments on opposite sides in 

the circumferential direction; 
nneans for interlocking the expansion cone segments; and 
means for controllably displadng the expansion cone segments atong the 

tapered body. 

An adjjustable expansion cone assembly, comprising: 
a plurality of expansion cone segments; 

means for dividing the expanston cone segments Into first and second groups of 

expansion cone segments; 
means for interleaving the first and second groups of expanston cone 

segments; 

means for overlapping the first and second groups of expansion cone 
segments; 

means for resiliently guiding the expansion cone segments on a multi-sided 
tapered body; 

means for guiding each of the expansion cone segments on opposite sides in 

the circumferential direction; and 
means for controllably displacing the expansion cone segments along the 

tapered body. 

An adjustable expansion cone assembly, comprising: 
a plurality of expanston cone segments; 

means for dividing the expansion oone segments into first and second grcnips of 

expansion cone segments; 
means for interleaving the first and second groups of expanston cone 

segments; 
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means for guiding the expansion oone segments on a multi-sided tapered body; 
and 

means for controllably displacing the expansion cone segments along the 

tapered body while also relatively displacing the first and second groups 
5 of expansion cone segments in opposite directions. 

73. An apparatus for plastically defonning and radially expanding an expandable 
tubular member, comprising: 

a tubular support member, 
10 an adjustable expansion cone assembly movably coupled to the tubular support 

member. 

means for actuating the adjustable expansion cone assembly. 

nneans for locking the actuator to the tubular support member of tte apparatus; 

means for unlocking the actuator from the tubular support member of the 
15 apparatus; 

means for increasing the outside diameter of the adjustable expanston cone 

assembly by moving the tubular support memt>er relative to the actuator, 
the adjustable expansion cone assembly, and the expandable tubular 
member. 

20 

74. The apparatus of claim 73, wherein the tubular support member includes one or 
more lugs; wherein the actuator includes one or more conresponding retaining slots; 
and wtierein the means for locking comprises po^tkxiing the lugs into the 
corresponding retaining slots. 

25 

75. The apparatus of daim 73, wherein the tubular support member includes one or 
more lugs; wherein the actuator includes one or more corresponding retaining slots; 
and v^erein the means for untocking comprises positioning the lugs out of engagement 
vkrith corresponding retaining slots, 

30 

76. The method of dainn 73. further comprising: 

means for fluididy sealing the interface between the tijriOular support member of 
the apparatus and the expandable tubular member. 

35 77. An apparatus for plastically deforming and radially expanding an expandable 
tubular member, comprising: 
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a tubular support member; 

an adjustable expansion cone assembly movabty oouplad to the tubular support 
member; 

means for actuating the adjustable expansion cone assembly; 
5 means for displacing the actuator of the apparatus in a first direction; 

means for applying a resilient biasing force to the adjustable expansion cone 

assembly when the actuator is displaced in the first direction; 
means for increasing the outside diameter of the adjustable expansion oone 
assembly by displacing the actuator and the adjustable expansion cone 
10 assembly relative to the expandable tubular member in a second 

direction opposite to the first direction. 

78. The apparatus of claim 77, wherein the means for displacing the actuator of the 
apparatus in the first direction comprises: 

15 means for impacting the actuator. 

79. The apparatus of claim 77, wherein the means for displacing the actuator and the 
adjiistable expansion cone assembly relative to the expandable tubular member in the 
first direction comprises: 

20 means for impacting the actuator. 
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